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~Preface

The purpose of this study was to develop a simulation

model For helping Air Force decision makers to choose

optimal ratios of aircrews to aircraft. The immediate need

For this model is in evaluating crew ratios for MAC's new

airlifter, the C-17; but the approach should be valid For

any strategic airlift aircraft. A #

The model primarily measured Four attributes: aircraft

utilization rate, average monthly Flying time, average work (
month, and average time away From home station. Second S t

order regression equations were also derived as estimators

of the First three of these measures.

Sensitivity analysis was performed on various crew

ratios, target utilization rates, Flying time limits, and

staging policies. The results seemed plausible, but

analysis should continue. The study could be of significant

value to planners at HO MAC and the Air Staff.

In performing the modeling, experimentation, ano

writing of this thesis, I had a great deal of help From

others. I am deeply indebted to my Faculty advisor, Lt Col

Charles Ebeling, for his continuing patience and assistance.

His high standards and insistance on an operationally useful

model has set an ideal for future studies. I also wish to

thank Capt David Tate at Studies and Analysis and Maj Wayne -

Stanberry and MaJ Glen Moses at HO MAC For assistance
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throughout the project. Finally, I wish to thank my wife,

Linda, and daughters For their understanding and concern

during the entire eighteen months at AFIT.

Brian L. Sutter
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Abstract

This investigation examined the C-17's mission capabi-

lity in terms of each aircraft's utilization and that utili-

zation's effect on the aircrew. Specifically, average

,-, monthly Flying times and average work months, as well as

aircraft utilization, were found to be affected by changes

in flying time limits, staging policies, target utilization

rates, the number of crews, and the launch reliabilities.
(t.=) 1, "

The analysis was accomplished through aSLAM simulation

of a portion of the MAC airlift system. A single

homestation and two homestations were modeled; however, only

the single homestation model was analyzed. The output of

the simulation was regressed to yield an estimating equation

for achieved utilization, average monthly flying time, and

average work month for both a NATO and a SWA scenario.

Parameters varied in the sensitivity analysis were crew

ratios, target utilization, monthly and quarterly flying

limits, and staging policies. ,Results pointed toward -.8

*crews per C-17 without considering the cost tradeoffs.

Staging one crew at an enroute base for every Forty-five

planned mission transits seemed to be optimal. The results

* also showed a significant benefit in the sustained phase

when the 30/90 day limits were raised to 150/450 hours.

iX
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I. Introductin

General Issue

The Air Force doctrine states that the United States

Air Force "must be able to surge and expand to ang part of

the globe within hours" (8:5). In order to accomplish this

mission, Military Airlift Command (MAC) plags a vital role

-- that of transporting the troops and equipment. If this

mission can be accomplished with one less crew per aircraft,

" AC can save approximately Si.525 billion (17). This, in

r Fact, was the justification in the 1985 budget process For

* ''- ffunding a L.0 crew ratio for the new C-17 as opposed to the

proposed 5.0.

HO MAC and Air Force Studies and Analysis need a model

For determining mission capability given the number of

authorized crews and the impact of changing that number.

Theu need a model that is capable of answering such "What

,-iff questions as: What is the impact on aircraft utiliza-

tion if monthly and quarterly Flying time limits are raised?

Ob :ect.zves

The purpose of this research is twofold: 1) to provide

a predictlon equation that will give decision makers a quick

answer as to the utilization rates of their aircraft that

can be expected given certain system characteristics, and

2) to provide a model that can show, in a dynamic manner,

S-1
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results when parameters are varied and is Flexible enough to

be applied to various aircraft and/or scenarios.

Air Staff and HO MAC planners do not currently have an

adequate, portable (capable of being used at more than a

single location) methodology for assessing mission capabili-

ty. This study will address the capability of MAC to accom-

plish its mission given a specific scenario and associated

aircrew, aircraft, and system characteristics.

In order to make this determination, the following

subsidiary questions must be answered:

1. How does an aircraft flow through the airlift system?

2. How does an aircrew flow through the airlift system?

3. What input parameters need to be considered in

determining aircrew ratios?

Scope and Limitations

This study will address MAC's intertheater (between

theater) airlift. The specific aircraft referenced will be

the C-17, although it could be any aircraft currently in the

Air Force inventory or a Future acquisition, assuming its

characteristics are known.

MAC plans For two different types of contingencies,

surge and sustained, each lasting forty-five days. Typical-

ly, sustained operation has driven the crew ratios because

of the high utilization rates, maintenance "catch up" from

surge, and tired aircrews. Recently, concern has also been

increasing over peacetime capability and transition into

1-2



surge. This study will model Forty-five days of both surge

and sustained as well as Forty-five days of peacetime opera-

tion.

To maintain a manageable model, only major Factort will

be addressed. Air refueling will not be addressed to reduce

scenario complexity and because SAC support is uncertain at

this time. Secondly, degradation due to chemical warfare

will not be addressed. Third, local, test, and Ferry

Flights will not be included for simplicity and also because

they did not affect results of a previous study (l1:il-).

Finally, integral crews will be maintained to avoid a com-

plex scheduling algorithm on the Front end of the model.

Integral crews and additional assumptions associated with

the input data will be discussed in Chapter II.

Historical Backaround

Making credible minimum cost estimates of the produc-

tivity of the airlift Force demands having the minimum

number of aircrews per aircraft (aircrew ratio) that still

allows the mission to be accomplished.

The primary reason For minimizing aircrew requirements

is money. A Government Accounting OFFice report to Congress

illustrates this Fact:

A reduction of the aircrew ratio of 3.25:1 to 3:1
crews per aircraft For the C-5, and 4:i to 3:1 a-
board the C-lIl would trim AF Funding requirements
by as much as SlO million for the airlift Forces
if only active duty crews were cut and $66 million
if only reserve personnel were cut. (3:q)

1-3
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Aircrew ratios are used not only in the budgeting

process, but also in evaluating wartime requirements, squad-

ron manning, crew welfare, tolerable workloads, and mission

effectiveness.

An Air Force-wide conference was held at the Pentagon

18-20 March 1985 to discuss the uses of aircrew ratios, the

multitudes of approaches for determining these ratios, and

command responsibilities. The conference concluded that the

aircrew process is a MAJCOM responsibility. They recommen-

ded a detailed analysis of both wartime and peacetime mis-

sion taskings as a start. Then, with whatever methodology

is appropriate, the commands should justify the aircrew

ratios, new or revised, in a Program Decision Package. Once

approved, iF the validated ratio is to satisFy a wartime

need, the data is incorporated into the Wartime Requirements

Model which studies a total Force engagement. The Funded

ratios are then used to update peacetime rated requirements,

manning levels, and budgets. They are published in AFR 173-

13, US Air Force Cost and Planning Factors C4).

In 1967, General Estes, Commander Military AirliFt Com-

mand, motivated MAC to Formally study its aircrew manning

For the First time when he stated that he did not want the

Future C-S's capability to be limited by aircrews (10). It

was then necessary to determine the minimum crew Force

required to maximize the C-S's productivity. Many studies

have been completed since that time.

1-4



Lockheed Corporation offered to accomplish this study

for the yet unreceived C-5 at a cost of 2.5 to 6.S million

dollars. Opting for a cheaper alternative, a joint MAC /

System Program Office study was begun in April 1867. The

School of Aerospace Medicine (USAFSAM) became consultants on

the human factors aspects in May and ultimately were given

the entire project in September (10). Among their goals was

to optimize the crew manning ratio, crew composition, and

crew management.

The first simulation model was completed in 196S and

modified in 1974 to include isochronal (calendar based)

maintenance, multiple routes, and 1973 Yom-Kippur War data.

In 1979, The General Accounting Office (GAO) had numer-

ous criticisms. Among those were surging longer than re-

quired, unduly restricting Flying hours, ignoring attrition,

assuming staff duties during wartime, and not modeling tran-

sition between phases. The accusation was that "unrealistic

information was fed into the model" (3). Many improvements

have been incorporated since that time, but a Few deficien-

cies still exist: transition between peace and surge and

between surge and sustained has not been modeled; alert

crews have not been utilized; and enroute maintenance has

not been modeled. In addition, since the USAFSAM model has

been revised so many times, the documentation is incomplete

in some cases and voluminous in others. In Fact, in June

1965, Studies and Analysis was unsuccessful in attempts to

1-S
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Fully understand and use the USAFSAM model in-house at the

Pentagon C24).

Other studies have been completed. The "TAC Flier

model CTAC's counterpart in crew ratio determination) is

under revision at this time. However, because of the diver-

gence oF missions between TAC and MAC, it is unusable. For

instance, in TAC all sorties return to the launching base,

and in MAC the aircraft may not return For two to three

weeks. The obvious place to look for a workable model is

'-' the commercial airlines whose missions are somewhat akin to

MAC's. Unfortunately, the airlines contacted were reluctant

to divulge proprietary information.

Analytic studies have been accomplished. Robert L.

Stowell published an analytic method in 1980 that depends

heavily on simulation output (23). The Center For Cyber-

netic Studies at the University of Texas attacked the mis-

sion planning and scheduling problems. Their algorithm

starts with a solution to a linear programming problem of

scheduling aircraft and then uses Bender's decomposition

technique For the assignment of crews to the Flight legs

(1:7,13). They also showed the relationship between minimi-

zing total completion time and its dual, a transhipment

problem, that can be solved as a network (1:9). In 1966, a

MAC crew ratio (MACRO) study group was Formed to determine

the appropriate aircrew ratios For MAC airlift. The end

result was a set of regression equations with two

1-6
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independent variables each depending on the known quanti-

ties. The equations are still in use today For aircrew

activity planning (13:44). Another result of this study

group was Eq (1) for a quick guess crew ratio. It is still

in use at HO MAC plans.

CR - C4S days x surge PUR) + (5 days x sustained FUR)(avg. 90 day flying time) x Cpercent available)

The results of the Cybernetic study were accurate For

small problems, and the MACRO equation gives a lower bound

on the crew ratio. However, practical airlift problems have

given rise to a "mixed integer programming problem with

about 32000 constraints, 35000 linear variables (including

logicals) and 10000 zero-one variables" C:6). Because of

the dynamic nature of the airlift system and the extremely

large dimensions of an analytic model, simulation will be

the general technique applied in this study.

Overview

The remainder of this thesis consists of Four chapters.

Chapter II describes the simulation model, its input data,

and inherent assumptions. Chapter III contains the method-

ology. The experimental design, major Factors, Factor

screening, measures of effectiveness, scenarios, and verifi-

cation/validation are discussed. Chapter IV describes the

results. Included are the statistical results of Analysis

of Variance, regression results, and sensitivity analysis.

1-7
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~The Final chapter, Chapter U, discusses the conclusions

~reached during the course oF this research and recommenda-

~tions For Future analysis.
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The purpose of this chapter is to explain how aircraft

and aircrews are modeled as they flow through the airlift

system. The first section of the chapter briefly describes

the SLAM simulation language. The second section gives a

narrative description of the model and describes the inter-

action of the FORTRAN and SLAM network sections of the

model. The third section discusses the input data, its

sources, and the assumptions made when applying it. The

final section then describes the output of the model.

SLAM BacaronsL

Rather than presenting a detailed description of SLAM,

this section provides a simplified description of the lan-

guage that is necessary for understanding the development of

the crew ratio model. Further detail on SLAM can be found

in Pritsker (20) and Banks and Carson (2).

SLAM is a special purpose FORTRAN-based simulation

language which allows an event-scheduling and/or a process-

interaction orientation toward modeling (2:99). The type of

orientation used depends on the level of complexity needed

and the extent to which the model will have to be embel-

lished for future uses.

The event scheduling orientation concentrates on events

and how they affect the states of the system. It uses a FOR-

TRAN model to schedule events to occur at predetermined times.

2-1
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The process-interaction approach concentrates on enti-

ties and the sequence of events and activities they undergo

as they flow through the system. The processes are repre-

sented by the nodes and branches of a network.

The interaction of the FORTRAN and network models

allows events to alter the flow of entities in the network

and also allows entities in the network to initiate events

in the FORTRAN model.

Narrative Descriotion

The model developed in this research is a discrete-

event network simulation employing both orientations (event-

scheduling and process-interaction) to model a portion of

the MAC airlift system. Fig. 2.1 shows the basic flow

through the network as well as how the crews, missions, and

aircraft are integrated.

The SLAM network consists of eight major sections:

initialization, mission generation, crew rest, preflight,

mission sortie, enroute stop, postmission, and scheduled

maintenance. In addition, some events are more conveniently

handled with FORTRAN interaction. Examples of these events

include contingencg phase changes from peace to surge and

surge to sustained, alert crew regeneration, and mission

* cancellation. Appendix A shows a more detailed flow of

crews and missions (entities) and aircraft (resources)

through the system. Appendices B and C contain the SLAM and

FORTRAN code respectively. Each subsection is described

2-2



-4-wI"Fl 7r w -

z w a

CY w
I-u w

La Q

wC -j

o Lo

2-3-



below Followed by a description of the input data and in-

herent assumptions. The time increment in the model is

hours.

-. . SLAM Network.

Initialization. In the initialization section of

the SLAM model, the user defines:

1. Staging policy
2. 30/90 day Flying time limits
3. Launch reliabilities
q. Percent of assigned crews that are mission capable

and available
5 Ratio of crews to aircraft
6. Number of crews initially available
7. Peacetime maximum ramp time before reentering crew

rest
8. Length of time within which a crew may be alerted

without requiring additional crew rest
9. Number of hours after which a scheduled mission is

cancelled if no crew or aircraft is available

These parameters will be described in detail later in this

chapter.

Scenario data is input through an external File,

"ROUTE". This file encompasses routing, scheduled flight

4 l- times, scheduled ground times, whether a base is a staging

location, and target utilization rates For peace, surge, and

sustained operations. Appendix D shows the format for this

data File.

After the scenario is established, the aircraft are

created, the crews are created, and identification numbers

are assigned to each crew. One crew is put in BRAUO alert

status (i.e. on telephone alert and capable of launch in

* three hours). Incidentally, MAC's utilization of BRAUO

,.' . 2-4 ,
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crews is uncertain for contingency operations. Quite poss-

ibly all crews will be on telephone alert, but using one

crew here is sufficient to model the effect desired.

Accrued flying time is then tested and if a crew is within

twenty hours of its monthly or quarterly flying time limits,

it is delayed twelve hours and placed at the end of the crew

pool. If a crew has exceeded either of these two limits, it

is delayed twenty-four hours. These rules do not Force low

time crews to be scheduled first, but it does preempt high

time crews.

Mission G. Missions are generated at a

rate commensurate with the target utilization rate. For

example, if the peacetime target rate is 3.5 and the expec-

ted Flying time For a mission is 19.1672 hours (From the

scenario), a mission would be generated every 4.381 hours as

shown in Eq (2).

3150 hrs. 19.1672 hrs.MO.msn 164.343 msns./mo.
mo. msn.

164.343 msns. 1 msn. (2)
720 hrs. X hrs.

X - q.361 hrs.

These missions are assigned a mission number and are either

passed to a mission pool to wait For a crew or cancelled if

there are no aircraft on station or projected inbound.

Crew Rest. When a crew and mission are matched,

the crew enters predeparture crew rest and waits For an

aircraft. Predeparture crew rest is normally twenty-Four

2-5
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hours waiverable to twelve. Since schedulers usually have

enough notice to put the crew into crew rest earlier, this

model will observe only the inviolate twelve hours. The

crew is allowed one hour travel time to the base once the

crew, aircraft, and mission are matched together.

Prefliaht. Preflight (ground) time (normally 2.3

hours) is distributed as depicted in TABLE 2.2 and will be

discussed later in this chapter. Probabilities of an on-

time launch, delayed launch or rescheduled launch (launch

reliabilities) are as specified in the initialization sec-

tion of the model.

Mission Sortie. During the flight portion, the

next leg is looked at to ensure duty day limits will not be

broken. If the basic sixteen hour duty day would be ex-

ceeded, the crew reenters crew rest and subroutine 'Cancel'

is initiated (the FORTRAN subroutines will be defined

later). The actual flying time is distributed with a trian-

gular distribution from one-half hour early to one hour

- late. This variation will account for wind changes, traffic

control delays, diversions, etc. At the end of each sortie,

-' flying time is updated and the average achieved utilization

rate over that phase of the conflict is computed.

Enroute Stoos. At an enroute stop, unless it is a

scheduled staging location, a throughflight is accomplished

taking approximately 2.3 hours, and the flying phase is

entered again. If the mission is at a staging location,

2-6
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duty day and interarrival statistics are compiled and the

mission is routed to the appropriate stage base subprogram.

An identical (except For statement labels and queue numbers)

subprogram exists For each enroute stop in the model. The

aircraft and mission are assigned to the next available

crew, and the previous crew enters crew rest and subsequent-

ly enters the available pool. If a crew exceeds its 30/90

day Flying time limits, that crew is transported (dead-

headed) home (after a minimum crew rest) taking approxi-

mately twenty-four hours. Enroute station preflight times

and launch reliabilities are obtained in a similar manner as

those at home station.

Postmission. If the next station is the home

base, statistics are collected on mission lengths, time away

from station, average work month, and average monthly Flying

hours. Unscheduled maintenance is performed (normally dis-

tributed with a mean of six hours) and if scheduled main-

tenance is not required, the aircraft is Freed For the next

mission.

Scheduled Maintenance. Scheduled maintenance For

the C-17 will include two days down every sixty days For a

homestation check, ten days down every eighteen months For

reFurbishment, and thirty days down every thirty-six months

for an Analytic Condition Inspection (A.C.I.) (21:3). MAC

has stated that A.C.I. and refurbishment will not be accom-

plished during surge.
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The aircraft are removed for scheduled maintenance only

at home station at the completion of a mission. The fre-

quency at which an aircraft is remo,,ed is dependent on the

number of aircraft:

Homestation: 60 days x 2q hrs/NACFT

Refurbishment: S'7.92 hrs (18 mos) x 2q hrs/NACFT

A.C.I.: IOS.B8k hrs (36 mos) x 24 hrs/NACFT

FORTRAN Events.

Bravo. Anytime a mission is being rescheduled at

home station, a check is made to see if a BRAVO ,rt crew

is available. If so, the new crew is matched with theEl
mission and 'Upbrav' is called to reg i erata the alert crew.

Cancel. Every hour the mission pool is checked.

If a mission has been scheduled for more than twelve hours

(specified by user) and is still lacking a crew or aircraft,

that mission is removed from the pool and cancelled.

Midum. Every twenty-four hours, the index is

incremented For accumulating flying time. Since the model

is concerned with quarterly flying time, the index resets to

one after ninety-one. Additionally, if no flying time is

flown in a particular day, the previous day's total is

carried forward.

Mission. When a mission is generated, it is

assigned a mission number based on its frequency of usage

during the particular phase of conflict.

2-8
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Next. 'Next' determines a new sortie's destina-

tion, scheduled air time, scheduled ground time, and whether

the next stop is a staging location.

.Staaecr At the beginning of each phase (peace,

surge, and sustained), stage crews are either positioned to

or removed from staging locations. These crews are used to

pick up an aircraft and mission when they transit that base

allowing the previous crew to enter crew rest. The total

number at each base is based on the number of missions

projected to transit that location in a month. It is equal

to:

'-Ioute Ere hrs per mo (3)

Rot f-q.xmsn exp. fly time stage factor)

Once again, MAC does not have a definite staging "policy"

(17). This technique Cbased on mission transits) was used

in the USAFSAM model and appears adequate.

Surge. As surge is entered, missions are gen-

erated at a higher rate and the remainder of the reserve

complement is added. MAC assumes that a full reserve com-

plement Ccrew ratio equal to that of active duty) will be

available during surge and sustained operations whereas only

half is available during peacetime. (24) In addition,

scheduled maintenance is cancelled and crew work rules are

changed. Specifically, maximum ramp times and alert windows

are extended to twelve hours, and post mission crew rest is

reduced to twelve hours.
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Sustain. After forty-five days of surge, normal

work rules and scheduled maintenance are resumed. Mission

Frequency is also updated based on the utilization rates

desired for the next Forty-five days.

Upbrav. Every forty-eight hours, or when a BRAQO

crew is utilized, a new BRAUD crew must be generated. IF no

crews are available, the next available crew assumes the

duty after twelve hours of crew rest.

Uofltm. At the end of each duty day, monthly and

quarterly flying times are updated.

Warmup. The simulation is assumed to reach

steady-state after 600 hours. At that time, Flying time,

duty time, and time away from station are reinitiated to zero

to force the statistics to apply only to the current phase

of conflict. Warmup is discussed further in Chapter III.

Window. Every hour, all crew pools (at home and

enroute) are checked For the length of time they have been

legal for alert. IF this user specified limit is exceeded,

the crew reenters crew rest and the mission goes to the next

available crew.

Input Data and Assumptions

Previous models of this type have become so complicated

* that they are virtually unintelligible. To help reduce the

complexity of this model, many assumptions have been made at

the outset. Factors shown previously to be of little impor-

* I tance are omitted or aggregated. Historical C-141
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experience was used with adjustments for a C-17 contingency

environment. Note, however, that the computer code can be

modified if future analysis suggests revision. In other

words, initiating the model with different input values is

easy in the initiation section of the SLAM portion, whereas

a change in logic would require computer code revision.

A major assumption has to do with diversions. All

missions will start and terminate at their home bases.

Diversions and their subsequent rescheduling are difficult

to plan for and model accurately. Their effect overall

(except possibly some inefficiency) should average out as

the cargo has the same ultimate destination.

Another parameter, attrition, will not be modeled.

Traditionally, it has not been modeled in MAC studies

because it is assumed that it will only affect Backup Inven-

tory Aircraft (BIA) and not impact the Primary Assigned

Aircraft (PAA) C22). In addition, losing a PAA aircraft

improves the crew ratio unless replaced with a BIA. The

system would then have more aircrews per aircraft to accom-

plish the same mission. Thus, the assumption is a conserva-

tive one.

Augmented crews (additional crewmembers added to a crew

for air refueling or to lengthen the crew duty day) will not

be considered. This is necessary in order to maintain an

integral crew as an entity. Integral crews are not used in

MAC, but treating them that way allows for easier
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bookkeeping and a way to aggregate many schedule related

parameters such as illnesses and emergency leave (incor-

porated in percent of crews available). This assumption

should have little effect as augmented crews put an addi-

tional resource requirement on schedulers, and this extra

burden would be offset with the added scheduling Flexibility

of non-integral crews. It is also a reasonable assumption

since crews are generally not split up once they leave

homestation, and quite often crews are rescheduled together

during heavy Flying activity.

In this model, peacetime is treated the same as wartime

in many respects. MACR 28-2 states that no Formal training

will be conducted during contingencies (7:12), and ordinary

leave will be suspended at least through the third month of

a general war (7:33). Obviously, during peacetime these two

Factors play a role but the benefits gained by adding the

scheduling algorithm alluded to early in this chapter are

not worth the costs of the additional run time. Also, thus

far at the Air Staff, peacetime capability is not as impor-

tant as the transition From peacetime to surge. The impor-

tant thing is that the drivers of MAC's capability (surge

and sustained) are not affected by the peacetime simpliFi-

cation.

HO MAC and MAC Numbered Air Forces have waiver authori-

ty over many aircrew restrictions such as length of crew

rest, flying time limits, duty day limits, etc. (6:4-1).

2-12
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This model will be capable of addressing these waivers, but

the only ones that will specifically be addressed in the

analyses are the 30 and SO day flying time limits.

Engine running on/offloads (ERO's) will not be con-

sidered directly. Their reduced ground times would defin-

itely impact the model output, but a definite MAC policy

does not exist for their utilization. Scheduled ground time

will be varied in the model which will measure the effect oF

the reduced ground time.

All missions are assumed to have the same priority. In

peacetime, this is definitely not the case. For instance,

nuclear airlift missions and exercise missions have priority

over static displays. But during wartime, it is realistic

to assume approximately equal priority For all missions.

Input data carries with it nany of these assumptions.

It falls into two categories, crew related and system re-

lated. Some are stochastic, and others are set by policy.

TABLES 2.1 and 2.2 below summarize the data and its origin

(excluding the experimental Factors which will be covered in

detail in the next chapter). Lack of a source indicates

that the value is based on personal experience.

Outout

*0 Appendix E contains excerpts of the output generated by

this simulation. Four measures of effectiveness will be

discussed in the next chapter: achieved aircraft utiliza-

tion, average work month, average monthly Flying hours, and

2-13
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TABLE 2.1

Crew Related Characteristics

Parameter V Source

Alert Window Peace: 6 hrs. MACR 55-1

Surge & sustained: 12 hrs.

Predeparture Rest 12 hrs. inviolate MACR 55-141

... Enroute Rest UNFRM(13,14) 12 hrs. min.-
+ 1 hr. tvl + post msn

duties
Post mission Rest 12 hrs. if gone < 36 MACR S-11

Time gone t 3 < 72

' Crew Duty Day 16 hrs. MACR 55-141

Max Ramp (before crew Peace: 6 hrs. C4 by reg. MACR 55-1
rest) + 2 ground time)

Surge & sustained: 12 hrs.

Deadhead Time (back home)RNORM(24,3)

TABLE 2.2

System Related Characteristics

Parameter Value Source

Sched. Maintenance H.S.C.: RNORM(6,1) C-17 Ute Rate
Refurb: RNORM(24O,S) Staff Study
A.C.I.: RNORM(720,10)

Max. Resched. Delay 12 hrs. USAF/SAGM

Ground Time (on-time) UNFRMC2.O,2.3) HQMAC/LG
Ground Time (delay) UNFRM(2.3,Max ramp) (29 mos C-141)
Ground Time (2nd crew) EXPON(3.3) incl. travel
Enroute Gnd (on-time) UNFRM(Sched-.5,Sched+.2)
Enroute Gnd (delay) UNFRM(Sched+.2,Max ramp)

" *Ground Time (resched) TRIAG(Max ramp-2,Ma. ramp)

MX After Cancel UNFRM(3,12)

Number Aircraft 30 USAF/SA

. 1



time away From station. In table and graphical Format,

these measures are compiled every five days For the peace-

time, surge, and sustained phases. This makes trend

analysis very easy.

Besides the primary MOE's, statistics are gathered on

the number of crews at home station, number oF mission

capable aircraft, duty days, mission lengths, overall flying

times, cancellations, and enroute station interarrival

times. In addition, statistics are generated for every

queue (File), activity, and type oF resource in the model.

Not all of these statistics are used in this analysis,

but the advantage oF having them all printed out is their

availability for any "after the fact" analysis that may be

requested by the users. They also serve a valuable purpose

in model validation (discussed in Chapter III).
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This chapter discusses the tactics and strategy fol-

lowed in running the simulation model. The objective is to

answer the last of the research questions: What input

parameters need to be considered in determining aircrew

-", ratios ?  In answering this question the model validity will

be established as well as its best use. Included in the

chapter is a discussion of the warmup period, the experimen-

. tal factors, the primary measures of effectiveness, model

validation/verification, and the experimental design.

Warmup and PhaseTaition

Pilot simulation runs indicated that it took approxi-

mately six hundred hours for the aircrew distribution,

utilization rates, etc. to stabilize. Therefore, a warmup

period of six hundred hours is added to the front end of the

simulation to reach steady state.

Surge and sustained operations never reach steady

- state, which is typical of short real world conflicts. This

. transition period is a very complex issue.

The inherent variables pose questions such as: does
- warning time permit gradual buildup or require a prompt

response; are we in a normal peacetime operation, stan-
ding down in preparation, or operating at a higher than
normal level; are reserves mobilized at once or only af-
ter the situation worsens, and how many days does it take
to make the decision to mobilize? (Response to GOA) (17)

The model developed in this research balances these issues.

Stage crews are positioned instantaneously simulating
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strategic warning and time to build up. Reserves are mobi-

lized at the beginning of surge; and at the same time,

activity rate is increased.

Experimental Factors

Anyone with knowledge of MAC's worldwide airlift system

could list hundreds of factors that could influence the

number of crews required to accomplish the mission. Reduc-

ing this list of factors to the most significant ones re-

sults in a simpler model. A simpler model is less expensive

4 and allows for a more thorough analysis of the most signifi-

cant factors. It requires fewer inputs, is easier to docu-

ment and interpret, and facilitates transfer from one compu-

ter to another or incorporation into a larger system.

Based primarily on personal experience, eight factors

are investigated in the experimental design. Other factors

in the model are assumed either to be less subject to change

or are such that changes in them would not significantly

alter the final results. The eight factors are discussed

below and summarized in TABLE 3.1.

a) Staging Po1ic4. Staging policy is based upon the

number of staging transits of a base. A MAC policy does not

exist for staging its aircrews, however the USAFSAM study

indicated that staging policy was a significant factor with

the optimal near 45 (i.e., stage a crew for every Li5 tran-

sits in a month).
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TABLE 3.1

Experimental Factors

Factor R

a) Staging Policy 30 to 60

b) 30/90 Day Fly Limits 125/330 to 150/450

c) Target Ute. Rates 3.5/15.1/13.4 to
(peace/surge/sustained) 5.5/1E.1/15.5

d) Percent of Crews Available .80 to .90

e) Crew Ratio 4.0 to 5.0

F) Launch Reliability .948/.044/.008 to
(on-time/delay/reschedule) .955/.0q4/.001

g) Ground Time 2.1 to 2.3

h) Scenario NATO to S.W. Asia

b) Monthlu and Ouarterl4fluina Time Limits. During

periods of heavy Flying, the monthly and quarterly flying

*' time limits are often scheduling limitations. USAF/SA is

presently studying a proposed change to AFR 60-1, changing

the present limits of 125/330 to 150/SO hours per month and

* quartEr respectively C24).

c) Tarmt Aircraft Utilization Rates. L.K.

McSemann,II, Acting Assistant Secretary of the Air Force For

Research, Development, and Logistics, has directed the Air

Force to use the design utilization rates of 13.9 hours per

day sustained and 15.6 hours per day surge for all systems

comparisons (21:2). This study will vary these numbers by

-' O.S hours on either side. The .0 peacetime rate was sugges-

ted by Studies and Analysis (24).

.Q. 3-3
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d) Percent of Crews Available. HO MAC uses a .90 crew

mission capable rate Cper manpower directives) for most

studies (22). Considering essential wartime additional

duties and crew management inefficiencies, this value will

be ranged between .BO and .30. It will take into account

crewmembers in pipeline training, sick, on emergency leave,

- ,.or committed to other duties.

e) Crew Ratio. The ratio of assigned crews to each

aircraft will range from q.0 to 5.0. q.0 is the current

ratio for C-1I4 crews. 5.0 is the proposed C-17 ratio

needed to fill our airlift shortfall. Realistically, the

required ratio will fall somewhere in-between.

F) Launch Reliabilitu. Analyzing two years of C-141

data gives an average on-time (0.2 hrs. before scheduled to

0.3 hrs. after) departure reliability of 0.9qB at home and

0.355 enroute, with the probabilities of having to be re-

scheduled equal to 0.006 and O.OI respectively (12). These

figures include local training flights which this model

ignores. Also, even though maintenance reliability for the

C-17 should be greater, supply, refueling, passenger pro-

cessing, etc. will hold the rates down. It should be noted

that a pilot run showed significance in this small range.

g) Ground Time. Scheduled ground time for C-141's and

C-17's is 2.3 hours. Frequently, this time can be shortened

in high threat areas with engine running on/offloads, etc.

*q This screening will consider an average between 2.1 and 2.3.
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h) Scenarios. Scenarios were suggested by USAFiSAGM.

Pilot runs of multiple home base scenarios do not warrant

using the expanded model For analysis. For the user's

interest, Appendices F and G contain a workable multiple

home base model. Asterisks indicate differences from the

single base model. The screening will use two scenarios,

one S.W. Asia and one NATO, each with a single home base

(See Appendix H).

- , Measures of Effectiveness

Since the ratio of crews to aircraft is an input to the

simulation, it would be nice to have the output portray a

crew related statistic, a mission related statistic, and an

aircraft related statistic. Achieved utilization rates

CAUR) of aircraft, average flying hours per month, and

mission cancellations are all useful, quantifiable measures.

Target utilization rates CTUR) are inputs to the model;

so instead of analyzing just AUR, it must be analyzed with

respect to the programmed target rates. Utilization rates

will be measured at the end of each phase and will be the

average of only that phase.

.- Average flying hours per month will also be measured

for each phase. An alternative measure here could be the

work hours per month since it is a common manpower measure.

The number of missions cancelled due to no aircraft or

crew, to be consistent, will also be measured at the end of

each phase.

3-S
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Model Uerification and Ualidation

Credibility is of utmost importance for a model to be

considered for implementation. If the model's asumptions

and logic are valid and the results have been verified, this

credibility is guaranteed.

Ualidation will be somewhat difficult since the C-17 is

not yet operational and wartime scenarios are not often tested

operationally. However, the trends discovered during the

analysis closely resemble the results of the USAFSAM study

completed earlier this summer. For example, the raacetime

achieved utilization rate (steady state) was within .2 hours

of their results. The USAFSAM model measured steady state

utilization rates between 11 and 15.5 hours during the surge

phase and between 11 and 1 hours during the sustained phase.

For the same target rates, this study found average rates of

appr-oximately 10 and 5 hours surge and sustained respective-

Ig. The lower rates are due to measuring an overall average

for the phase rather than a steady state average, sacrifi-

cing some statistical robustness. An overall average seems

more appropriate as realworld mission flow change during a

phase and steady state is seldom reached. The lack of

disparities between the models, in a sense, validates both

* models. In addition, MaJ Wayne Stanberry, HQ MAC/XPSR, who

has extensive experience both in SLAM simulations and model-

ing the MAC airlift system, critically reviewed the model,

* its assumptions, and results for face validity.
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The logic has been verified primarily through periodic

Flow charting, concurrent debugging during the programming,

pilot runs, and a SLAM TRACE option tracing missions, crews,

and aircraft through the system. Assessing the reasonable-

--. ness of output also helps verify the model. Partially

mission capable (PMC) rate for the C-17 is guaranteed to be

at least 82.5 (21). PMC in this simulation refers to any

aircraft not in a preflight status or scheduled maintenance.

The mean PMC rate through surge for the 64 initial screening

runs was 78.223%. If the PMC aircraft in a preflight status
6-

were added, the numbers would be very close. Finally,

consistency of the output was examined both over the ranges

of interest and at extreme values to stress the system and

check For reasonableness.

Desian

The goal in the design phase is to investigate the rela-

tionships between the independent variables (factors) and the

response (simulation output), determining, if possible,

which Factors exert the greatest effect on the response, and

the extent of interaction between or among the Factors. In

the screening experiments, only two levels of each Factor

are investigated. These levels should be "Far enough apart

to measure anticipated effects, but not so Far as to cause

nonlinearities in the functional relationship to distort or

mask significant effects (15:34B)". This analysis will use

the extreme values of the factors listed in TABLE 3.1.

3-7
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K< TABLE 3.2

1/i Replication of 8 Factors (9:22)

(1) cdgh abcg abdh bdefh bcefg acdefgh aef
abcfgh abdF Fh cdFg acdeg aeh bde bcegh
bcdeg beh ade acegh cfgh df abFh abcdfg
adeFh aceFg bcdefgh bef ab abcdgh cg dh
efgh cdeF abcefh abdefg bdg bch acd agh
abce abdegh eg cdeh acdfh afg bdFgh bcF
bcdfh bfg adfgh acf ce degh abeg abcdeh
adg ach bcd bgh abefgh abcdef cefh deFg

It is difficult to account For aliases in a Resolution

III or IU (some or all two Factor interactions confounded)

design because interactions that can be ignored are not

obvious. Initial screening, therefore, will assume three

factor and higher interactions to be negligible and will use

B-26a 2 or 1/ replication of a 2 factorial to analyze all

main Factor effects and all two way interactions. This

reduces the number of simulation runs From 256 For a full

Factorial to 6q with the Fractional and also gives 27 de-

grees of freedom For error. The number of runs is reason-

able since each run uses 2.5 minutes of C.P.U. time. The

result is a Resolution U design in which no main effect or

two Factor interaction is aliased with any other main effect

or two factor interaction.

The design chosen For screening is shown in TABLE 3.2.

Small letters indicate a particular Factor is at its high

level. (1) indicates all Factors are at their low levels.

The defining contrast is I-ABCEG-ABDFH-CDEFGH. For Further
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explanation, refer to Montgomerg (14) or any Design of

Experiments text.
SIn the second stage, the results of the initial

screening were analyzed and the best set of subsequent runs

chosen. It will be shown in the next chapter that two

Factors are insignificant and can be removed. This makes

this fractional factorial design equivalent to a 2 full

Factorial. By adding center points and axial points to the

original design, orthogonality and uniform precision (vari-

- ance) can be maintained. To keep all observations indepen-

dent in the initial screening, a different set of random

.... number seeds was used for each run. Also for the screening,

measures of effectiveness were only evaluated during surge.

.3-
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IU. Analusis and Results

The goal of this chapter is to give decision makers a

tool to use 'n determining aircrew ratios. Results of the

initial screening experiment will be discussed. Then the

subsequent runs, setup, and results of the regression anal-

gses will be described. Finally, sensitivity analysis on

the major factors will be presented.

Initial Screening Results

Analyses of variance were accomplished for the frac-

tional factorial design using the BN1P2U statistical pack-

age. The data and an example input program are included as

Appendix I. Analyses for three measures of effectiveness

(achieved utilization rate, average work month, and average

flying hours) will be discussed separately. The small num-

ber of mission cancellations eliminated cancellations from

consideration.

At the 989 confidence level, there are three main

effects which significantly affect achieved utilization:

staging policies, flying time limits, and scenarios. These

and the significant two-factor interactions are shown in

TABLE .1. Target utilization rates, crew ratios, and

*0 ground times are not significant at this level. However,

since the crew ratio is as much a determinant of the number

of crews as the percentage of crews available, it has
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TABLE 4.1

Analysis of Variance -- AUR

SOURCE SUM OF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

MEAN 6230.07312 1 6230.07312 36550.700
STAGE 2.36165 1 2.36165 13.86*
FLYLMT 2.68767 1 2.88767 16.94
TUR .18953 1 .16953 1.11
PERCENT .00396 1 .00396 .02
CR .01747 1 .01747 .10
RELIAB .00010 1 .00010 .00
GND .08075 1 .08075 .t7*
LEGS(Scenario) 3.5q54 1 3.56454 20.910
SF 5.5333B 1 S5.3338 32.Li6
ST .26665 1 .26665 1.56
FT .5LH38 1 5LiL38 3.19
SP .02561 1 .02561 .15
FP .0L124 8 1 .04248 .25
TP .03145 1 .03145 .18
SC 0Li27t 1 04274 .2S
FC .00125 1 .00125 .01
TC .00022 1 .00022 .00
PC 01OLfi1 1 .0104i .06
SR 04789 1 04789 .26
FR .00012 1 .00012 .00
TR .18293 1 .18293 1.07*
PR 3.97575 1 3.97575 23.32
CR .02129 1 .02129 .12
SG .25184 1 .25184L 1 .-t
FG .00194 1 .00194 .01
TG .00101 1 .00101 .01
PG .35375 1 .35375 2.08
CG .67867 1 .67667 3.98
RG .04575 1 .04575 .27*
SL 2.q2980 1 2.42980 1I.260
FL 3.54130 1 3.54130 20.78
TL .01789 1 .01789 .10
PL .20469 1 .20469 1.20
CL .00106 1 .00106 .01
RL .12956 1 .12956 .76
GL .18162 1 .18162 1.07
ERROR 4.60216 27 .1704 5

*-Sianificant at 99%

probably been masked by a higher level interaction and will

not be omitted.
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TABLE *.2

Analysis of Variance -- AUGWORK

SOURCE SUM OF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

MEAN 1037637.62919 1 1037637.62919 37508.56,
STAGE 1853.73322 1 1853.73322 67.01*
FLYLMT 525.78509 1 525.78509 19.01

- TUR 1.75561 1 1.75561 .06

PERCENT 322q.82020 1 3224.82020 116.S7,
CR 12002.29767 1 12002.29767 433.86
RELIAB 10.93956 1 10.93956 *L0Q

GNO 8.-1000 1 8.q1000 .30,
-.-' LEGS(Scenario) 576.72047 1 576.7207 20.85,

SF 329.030i9 1 929.03049 33.58
ST 5.3S063 1 5q.39063 1.97
FT 52.56253 1 52.56253 1.90
SP 20.36263 1 20.36263 71
FP 32.91892 1 32.91892 1.19
IF 33.55301 1 33.55301 1.21
SC .71LI03 1 .71403 .03
FC 38.06890 1 38.06890 1.38
TC 5.88066 1 5.88066 .21
PC 81.22517 1 81.22517 2.94
SR 43.65908 1 '3.65908 1.58
FR 4.54755 1 4.54755 .16
TR 29.02516 1 29.02516 1.05,
PR 69.84963 1 69i.8963 25.12
CR 3.03631 1 3.03631 .11
SG 33.06250 1 33.06250 1.20
FG 1.89063 1 1.89063 .07
TG 1.i8840 1 1."8840 .05
PG 12.72709 1 12.72709 Li

CG 156.25000 1 156.25000 5.65
RG 32.63263 1 32.63263 1.16,
SL 116S.19811 1 1165.19811 '2.12,
FL 569.29954 1 S69.2SSS 20,56
IL 3.25803 1 3.25803 .12
PL 15.86026 I 15.66026 57
CL 3.36725 1 3.36725 .12
RL 21.97266 1 21.97266 .79

ERROR 7-6.92862 27 27.66402

* -Significant at 99.
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TABLE L.3

Analysis of Variance -- AUGFLY

SOURCE SUM OF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

MEAN 409913.65988 1 '09913.65988 33932.31,
STAGE 165.2SO99 1 165.25099 13.68,
FLYLMT 170. '3301 1 170.43301 I1f.11
TUR 16.66681 1 16.66681 1.38,
PERCENT 1235.69840 1 1235.698qO 102.29*
CR q652.60ii 1 L652.6011 385.iLt
RELIAB .044 10 1 .'0-L10 .00
GND 1.69806 1 '.69806 .39,
LEGS(Scenario) 250.03513 1 250.03513 20.70,
SF 386.51556 1 386.51556 32.00
ST 24.42828 1 24.42828 2.02
FT 31.38006 1 31.38806 2.60
SP 1.85640 1 1.856'0 .15
FP 13.56081 1 13.56081 1.12
TP S5.1980 1 5.1980 .43
SC 1.31103 1 1.31103 .11
FC 5.7360Li 1 5.7360q± .17
TC .61231 1 .61231 .05
PC 3.85752 1 q3.85752 3.63
SR 14.47800 1 1. Lt 7800 1.20
!FR .19802 1 .19802 .02
TR 6.18975 1 6.48975 SI
PR 288. 40528 1 288.40528 23.87
CR .00722 1 .00722 .00
SG 30. 9802 1 30.49802 .2.52
FG .97515 1 .97515 .08
TG .76562 1 .76562 .06
PG 10.85703 1 10.85703 .90
1CG 63.56075 1 63.56075 5.26
RG 5.67629 1 5.67629 47,
SL 171.93766 1 171. 3766 1 L.23*

9 FL 211.77522 1 211.77522 17.53
TL 2.'8o62 1 2.qBo62 .21
PL 12.63800 1 12.63800 1.05
CL .33931 1 .33931 .03
RL 9.81257 1 9.81257 .81
GL 9.67210 1 9.67210 .80
ERROR 326.16904 27 12.08033

*-Significant at 99%

At the same confidence level, average work month is

significantly affected by five main factors: staging

4-
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policies, flying time limits, percent of crews available,

crew ratios, and scenarios. These and significant interac-

tions are indicated in TABLE 4.2. Again target

utilization rates and ground times are not significant.

Factors and interactions affecting average monthly

flying times are exactly the same as those affecting average

work month; a somewhat intuitive result. TABLE -.3 illus-

trates.

Reoression Analuses

The fractional factorial design indicates that six

potential independent variables explain achieved utilization

rates, average work month, and average flying times. As

- - target utilization rates and ground times are eliminated,

all experimental combinations containing them are also

B-2eliminated. Thus, the 2 fractional factorial becomes a

62 full factorial C15:330). Since an objective of this

study is to Fit second order regression equations to the

data, the next logical step is to perform additional runs at

q- other levels in order to estimate the nonlinear relation-

ships.

Subseouent Runs. Myers suggests thirty-six additional

runs, twenty-four at center points and twelve at axial

points with a- ±2.828 (18:1S3). a is the multiplying

factor used to set levels For the independent variables used

in estimating nonlinear relationships. These are needed,

not only to generate results at intermediate levels, but to

L*5



TABLE Lt.

Composite Levels

Low Axial Hich Axial Center
a) Staging policy 3 87 'S
b) Fly time limits 102.15/220.32 172.85/SS9.68 137.5/390
c) Target ute. q.0/1S.6/13.9 q.O/IS.6/13.S 1.0/15.6/13.5
d) Percent avail. .709 .991 .85
e) Crew ratio 3.086 S.S 14L.S
F) Launch reliab .942/.0411/.014 .962/.038/0 .352/.044/.004
g) Ground time 2.1 2.1 2.1
h) Scenario NATO SWA NATO,SWA

maintain an approximately orthogonal and uniform precision

design. Orthogonality will give enhanced meaning to the

regression coefficients in the next section (i.e. uncorre-

lated estimates), and uniform precision (rotatability) en-

sures uniform variance in the responses. In addition, the

replicated center points allow an evaluation of the appro-

- priateness of the equations (18:153).

The Factor levels For these subsequent runs are listed

in TABLE 4.4. Five of the six main Factors Call except

scenario) have quantitative midpoints. To account For the

sixth Factor, twelve center points will be run For each of

the two scenarios. The axial levels can be computed using

Eq (Li) with =-2.82B.

, where d.-difference between high and low levels

".-midpoint between high and low levels

Additionally, levels for the deleted Factors (ground times

and target utilization rates) must be preset. Since

.446.4
'.'." 6
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intuition suggests that target utilization rates should be

significant, they were set at an intermediate level. Ground

time was set at 2.1 hours arbitrarily.

Regression Results. The regression equations presented

in this section will enable a decision maker to give initial

capability estimates of the achieved utilization rates,

average work months, or average monthly Flying times given

values for the input values.

A problem with including data From axial input values

is the extreme responses (outliers) that sometimes arise, as

is the case here. Referring to TABLE 4.q, staging policy

an d F1uing time llmits are well outside the range oF

interest. For this reason, those observations will not be

included in the regression analyses. Other potential out-

liers were investigated for accuracy but were not elimi-

nated. The reason axial results were not eliminated com-

pletely was to maintain a higher degree of uniform precision

and orthogonality. This study did conduct analyses without

the axial points For comparison's sake; the results were

better in some cases and worse in others (not included).

Stepwise regression analyses were performed with BMDP9R

-2
using adjusted squared multiple correlation (R ) This

method recognizes the tradeoff between additional degrees of

Freedom and the reduced variance associated with adding

another variable. It is analogous to minimizing the resi-

dual mean square which enhances the predictive capability

4-7
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(25:179). Separate regression analyses were performed For

each scenario to study differences. Appendix J contains the

axial and centerpoint data, an example input program, and

output from BMDPSR. Analyses of residual plots, scatter

plots, and correlation matrices did not show any marked

deviations from the model assumptions. The coefficients in

the equations on the Following pages (TABLES 4.S-i.7) have

been decoded to correspond to real data values as opposed to

- - those coded For design matrix values of -1, 0, and 1 Found

1in the appendix. Separate equations are shown for peace,

1. surge, and sustained because of the changes in target utili-

zation from one phase to another; but, they did come from

the same regression model. Interactions, where one Factor

level is dependent on the level of a second Factor, can be

represented by a cross product term (i.e. muitiplying the

level of the First term by that of the second). TABLE .8

shows the allowable ranges For the parameters.

1 0esign matrix values are obtained From x. - 2(e.-i. '/d.
where d is the difference between high and low levels and i

-. is t~e mean. The coefficients in App-ndi.x J, C., are in
terms of < . To translate: C x.- C.2(l/a.)(e.-6.) C.:2/d,)e.

" 'Jo'-'- -~C.(2,d. ,# c" C(/d a nd 3 o ,c /

1101

pIi'
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TABLE Lt.

Regression Results -- Average Work Month

-" Peacetime AVSWORK (S ) =2f3.7-- 47 .'STAGE'- . ,. ,
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TABLE q.6

Regression Results -- Average Fig Time

Peacetime AVFLTM (SWA) = Icl 8PT- l,-CT -GE, £.AT- C)

.2 260E2 "_FLVLMT, -84. 3 16 FERCENT -+ E0. 946 .,ERCENT.,F:,EL AB)

.,4 ? ". F: -! 5 -27 TUR-)

Peacetime AVFLTM (NATO) = 1.v4T - !. . ___, EPCE,1T

Surge AVFLTM (SWA) = .__, _- . -,. _- .- _ - -

.-A ,- . Lr -!T "-34._.3:;:.' FE ,__.JT'- - I --. _.p."';- ,-  . ... .. R _,HB)

I?

Surge AVFLTM (NATO) 154. 4 o'-17,A'l1PCCR-".

+ 111. :.46 F.EL I AB) f.57062S E C-T .2:---S,.C -'- :8 27 :TF

Sustained AVFLTM (SWA) - -5,:,- - -- --.

-- = _ -q . ' F'E : - -T.ac*"'- '",€p . E_ .. , B
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TABLE 1.7

Regression Results A- chieved Utilizatl.on Rates

Peacetime AUIR (SWA) = 1(-.1~KTE~>J'
- - e,,l zed)

.44?'?-;;TUR)± DC121 i 'E; iNtM;FELIbiP')-. 14 -~T UP-)

Peacetime AUR (NATO) .7O9'.3 'ECN.-CO2C:

'Surge AUIR (SWA) 4IT"~.I E~.:-*.* Y

Surge AUIR (NATO) = .I(2- .FEFC~T'-. J'

- . Sustained AUR (SWA) = .±aI"- 1'G P4E ~ T

-e-,

Sustained AUIR (NATO) =.VK~..~ F~8T-

MU, E~ .e -r I I -r-

:7,:: C tlU~ I t~r . . 1 . - .

_7ndt F-t' E ~ s
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TABLE 4.B

Uariable Ranges For Regressions

V.Uariable DeFinition Ranae

STAGE 1 crew prepositioned For 30 to 60
every ?? transits *

FLYLNT 30/90 day Fly limits 125 /330 to 150 /450
PERCENT Percent of crews avail *80 to .90
RELIAB Prob. of on-time, delayed .948 /.044/.008 to

or cancelled takeoff .955 /.04/.OO1
TUR Peace, surge, & sustained 3.5/15.1/13.- to

target ute rates -1.5/16.i/-.q
CR Crew ratio 4.0 to 5.0

* = alue to enter regression equation with.

The quadratic response functions for average work month

and average Flying time For the NATO scenario resulted in a

R2 > .98 and a standard error of the estimate (MSE 11)

< 1.96. For the SWA scenario, R was still over .90, but

the standard error was larger (5.95 and -.11 For average

work month and Flying time respectively). Thus, the predic-

tive capability could be somewhat impaired. See TABLES '*.5

and L 6.

2
R For achieved utilization rates were lower C.5-700

and .765-l5 For NATO and SWA scenarios respectively), but the

6standard error was less than .L4 in both cases (See Appendix

J). To Further investigate the Fit of these response Func-

tions, the center point replications were used to estimate

pure error, thereby splitting the sums of squares into

components. The results are shown in Fig. q.1. This analy-

sis indicates that the NATO regression is adequate and the

U SWA regression is not. In other words, the SWA numerator

L--12
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SWA Scenario
~~- , = C'._= _6

" . MSFE = SSE = 441' 11 = 12624
SLF = 3.412624 - .5764667 = 7.761573 = 44 - -I

MSLF = .2726714

F = MWLF'MSFE = '.e CE4:T F:.:II.::)

PRP'eect hvoothesis o_4 oood fit.

NATO Scenario

"'" -~7825

(= 1 6 = - - 11

MSFE = .- ':..47. SSE = 41 -)1(:5) -

3SLF = . 5 - 167457 = .2L7 F = 41 - 11

F = NSLF N'IEPE = 0'55 j F . C: 11.:
ra---., =, : j'DC o d ;it.

Fig. I.l. Lack of Fit Analysis For AUR Response Functions

mean square is estimating something which is in excess of

2
a-, the experimental error variance. This could possibly be

due to higher order terms that are not included or, more

likely, the small number of degrees of Freedom For pure

*. error associated with only twelve center point replications.

Further analysis of the residuals For this case (Appen-

. dix J) showed three potential outliers, cases 15, 37, and

O 50. Upon investigation of the simulation outout, ten cases

'-13
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SWA Scenario

E(Y. = 6 d 1: - 113.7-7-" -8) Y. Z04492..

MSFE = 0513334 SSE = 7_4(.i)6488) = 2.204492

SSLF = 2.204492 .5764667 = 1.668(j5 = 74 11 23

MSLF = .0725228

F = MSLF./MSFE = 1.48-(4-1 F.Of5:11 . -7'.= 2.4

rannot re iect hvocnthesis of :ood fit.

Fig. 4.2. Lack of Fit -- AUR Revised

were Found where achieved utilization rate in surge had

peaked out earlier in the phase and were on a downward trend

when measured; the difference between the peak average and

overall average was significant in eight cases. Incidental-

ly, in the NATO scenario, three cases peaked early but only

by a very small amount. Deleting these cases (3,13,2q-,28,

37,'If,5O, and 62) resulted in an adequate regression. See

Fig. L.Li for the lack of Fit analysis and Ancendi:: J For

revised residual Plots.

Since the equations are scenario dependent, they shculd

only be used to approximate capability, work month, and

monthly Flying time. Users should keep in mind that the

work month and flying time Figures do not include duties or

* training missions at home station.

Li*.L
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Confidence Limits. A confidence region is hard to

visualize on surfaces such as these but limits could easily

be placed on individual input combinations. Boundaries for

a Working-Hotelling confidence region over all input

combinations, X., are indicated in Eq (5).
h'

" h WSCY h CB)

where - pF(l-e;p,n-p) (19:241)

The standard error of the predicted value, sCYh) is

-" available from BOP For combinations in the experimental

design. Unfortunately, the interval obtained is only valid

at that particular input combination. For example, if one

were interested in an estimate of achieved utilization rate

For a SWA scenario at input values matching Case 1 where all

eight variables are at their high level, s(Yh ) = .1065, the

number of parameters (p) -8, and F(.9S;8,3) = 2.23. It

Follows that:

W2 8(2.23)

A A

'f + Us(Y) 10.9670 ± ti.22374Ci.lOES)
h h

91 - 10.9670 t .449B

- (10.517,11.4168) with 95%
confidence

*' One can readily see here that in spite of the relatively low

2R the predictive capability is acceptable.

4-l5
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Sensitivitu Analusis

Analysts at HO MA~C and Studies and Analysis are inter-

ested in the effect of changing one main Factor. The coeF-

ficients of the regression equations approximate a unit

change in the input parameters, assuming a high degree of

orthogonality has been maintained. Most decision makers,

however, would prefer a graphical analysis. This section

will present graphical comparisons holding all variables

constant except one. The variables varied are crew ratio,

staging policy, target utilization rates, and flying time

limits. The effect of these changes on achieved utilization

rates, average work month, average monthly flying times, and

time away From station For the NATO scenario will be shown.

Appendix K shows the results of three replications for each

factor. The variables held constant will take on the center

point values from TABLE 4.4.

Crew Ratio Sensitivitu. The crew ratio was given

values i.0, q.2, 4.L, L*.6, q.8, and 5.0. The impact of

these changes is shown in Figs. q.3-q.7. There seems to be

no AUR benefit in increasing the crew ratio to 5.0 as it

peaks at q.8. '.8 also results in the least amount of time

away From home. Another Factor in the system is apparently

restraining increased benefit. There is an anomaly in the

results For a crew ratio of q.0 that is partially explain-

able. The crews at homestation were depleted quite early

and the number of cancellations due to either no aircraft or

L-16
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3Z 45 60 30 A5 60 30 45 60

e a c e Sur g e S us t ai n

Fig. 4.8. Effect of Staging Policy on Ute Rate (NATO)

no crews available was an order of magnitude higher than

other cases. Apparently, -.0 crews per aircraft is simply

not enough to maintain the desired utilization with the

associated values of the other Factors. The significant

drop in work month, flying time, and achieved utilization

going from surge to sustained when CR - 4.0 could be a

result of flying time limits.

Staging Policy Sensitivity. Staging policy was given

values 30, -S, and 60. There is apparently no benefit in

staging more crews than one every 1 5 transits (See Figs. q.6

-4.10). However, staging a crew for every 30 transits

rather than 15 significantly reduces aircraft utilization in

the sustained phase by approximately two hours a day.

"4 -22
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1 0

4-

2-

0 I

43.5 .0 4.5 15.1 15.6 16.113.413.9 14.4

eace Surge Sus t ai n

" 4.I. Effect of Target Ute Rate on Achieved (NATO)

Taraet Utilization Rate Sensitivitu. Peace, surge, and

sustained TUR's were given values 3.5/15.1/13.4,

q.0/15.6/13.9, and 1.5/16.1/14Lt. Increasing TUR beyond

_t.0/15.5/13.9 reduces utilization rate, work month, and

- flying time in the sustained phase. This is quite possibly

an indication that the sustained phase is the primary driver

in restricting capability. It also indicates that the C-17

cannot be Flown above the 13.9 projected utilization rate

,-; during a sustained conflict. Figs. If.Ii-4.13 illustrate.

% f'24
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Peace Surge Sustafn

;.

Firi. 4.14. Effect of 3.0/90 Day' Limits on Achieved Ute (NATO)

Flu Tim Limit SensitiVitU. Fly time limits were

* evaluated at 125/330 and 150/'I50. Raising the limits had a

positive impact in both peacetime and sustained operations

whereas surge characteristics were unaffected (See Figs.

'-11'*M.1).Aircraft utilization was increased by almost

Four hours a day in peacetime and almost three hours a day

in sustained operations. This increased utilization obvi-

ously increases monthly Flying time and the crew's work

month; therefore, the length oF conflict plays a definite

* role. These results indicate that the proposed increase in

1 . AFR 60-1 to 150/4-50 should definitely be aonsidered.

L-26
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-. Observations and Recommendations

Observations

This study examined the C-17's mission capability in

terms of each aircraft's utilization and that utilization's

effect on the aircrew. Specifically, average monthly flying

times and average work months, as well as aircraft utiliza-

tion, were Found to be affected by changes in flying time

limits, iging policies, target utilization rates, the

number of crews, and the launch reliabilities.

The equations in the previous chapter show the

relationships between these factors and responses For

various levels of these parameters. The simulation then can

accurately measure the dynamic effects of those changes.

The simulation also gives the capability to vary work rules,

change scenarios, analyze parameter values outside the

ranges of the regressions, and answer many other "What if?"

questions.

The sensitivity analysis yielded the following

conclusions:

1. There is no benefit in staging more than one crew

for every forty-five planned mission transits. Capability

is significantly reduced, however, if thirty missions are

used for the basis instead of Forty-five.

2. Sustained capability is degraded if target

utilization rates are increased above '1.0, 1S.6, and 13.9

S-1
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hours per day For peacetime, surge, and sustained respec-

tively. These surge and sustained values were directed by

the SECOEF for C-17 planning.

3. Monthly and quarterly Flying time limits are a

major restricting Factor in both peacetime and sustained

L.-. L.B crews per aircraft yield the highest payoffs in

utilization and crew workloads. 4.O crews per aircraft are

not enough. In-between these values, tradeoffs must be

considered between the number of crews and the associated

cost.

Future Studies

The value of this study lies in future research. As it

exists now, valuable insights can be gained on the Factor

effeuts; but the model was not designed to produce optimal

answers.

Costs need to be included in the analysis in order to

weigh the effects of crew ratio changes. To say that q.8

crews per aircraft yields the highest utilization is one

thing; but is the extra $305 million worth increasing the

ratio From 4.6"?

MAC does not have a staging policy For its contingen-

cies. Major Charles Dillard, LJSAF/SAGM, has developed an

analytic solution assuming exponential interarrival rates.

This needs to be verified and expanded into a usable policy,

as it is doubtful tl-at (during a contingency) accurate

5-2
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estimates of the number of mission transits or interarrival

times can be made.

This simulation model could be an integral component of

a decision support system. The system could mesh a multi-

tude of attributes (cost, utilization, work month, etc.) and

help decision makers to choose optimal crew ratios and

optimal staging policies, not only to maximize aircraft

utilization, but to maximize overall mission effectiveness.

5-3
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Thi= aondi. lllustrate=- the -fli :D - l3l r

and aircr-aft thrOUgh the SLAMI model. It -'~a p'ictormAl

resoreca=-ntation rof the irter-ctions of the mo=oi cgments.
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INTL00 u(.:T:%A -_V7 L7N 7ME L:MIT

:NL~v4rAS:2N '1TME REL:TAILITY
* * ~~~~INTL.Uj0 EV1EIBLT

:NTL (Xc.OB;DROB QF RESCHEDULING

'NT'-.4VAILABLE
INT1,JY E'. CAZIT"
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A CT:

ATPIT~:i, rFB:::~: NIT PASIC :REW. "RESENT BA^SE, QTASE,
MISSION. SORT!E cLYi TT 4E, NEXT BASE

aSSIGN,XX(141=NN9(2), 1
ACT/74.1:,XU4t.GE..AND.ATRI(1P*2.SE.*X(),RET; AFPOACHING 7L! MT

ACT/,2,4X~14)SE..AN.ATIB~2I+O.S.XX3},ET; APPROACH!NG 6 LMT
ACT-

AC -E .(DO..T! - E. XX(:PET. ENTER '4 HOUR
CR~ RSTIF:oOR 00 DAY LIMIT EXCEEDED

ACT ...OK
RUE: ET l,1 UPDATE P LY 'IME

ACT. ,YSTART;

GUE'lE iA
ACT.':', 12: BRAVO CR EW PEET

!UE 3]U E UE !); :PAYO CREW FILE
QUE: ]UF'E :,,_MA~j AWAIT MISSION

. $$$$CREATE MISSIONS111t

CREAERORMXI,,o;CREATE MISSION AT FREG OF XX(15)
4SN EYENT,4,1; DETERMINE MISSION

ACT1/10: COUNT MISSIONS
~SSINATF2(2:IY ATIB'4,ATIB~5:; NTL'C TO MATCH CREW

IS 4N iIF.CRAFT AVAILABLE-
~IG .X!IINNRCIAFT~~X):ACFT AVAIL +ACFT INBOUND

ACT, XX!C) .LE,%XCLA; CANCEL DUE To No C;T

ACT,
A S1- l( 1 . 1 ONE ACF' SPOK(EN :nOR

* UE: GUEUE 41TIAT; MISSION QUEUE

9U6 SINI:TI~.
* ~ACT.,,QUE6;

ASS '1.ATR!S ~ IEEO ;?~E, I

ACTI.:.,:CREW ;E-T

AWAIT:iA,"CFT:
AzINX RESE7S 4VATL CP ",OjECTED C

ACT,1',; TPAV)EL

0.

W.
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SEJIOFEW SHO.WS AT EQDNSS::

QUEf 9UEUE;F).,,, MAT:; CREW

:SUtPFEFLIGHTUU

QUE GQUEUE!6),,,,MAT2;- MISSION
NATO MPTCH.9.DGUEb!iACC OJE~'ACC;
ACE ACCUM .2.2.1LAST: ATTACHES MEN To CREW, RETAINS MEN ATTRIB

ASSINARIB~POTRIB61:NOW.TRI(E~rCW:LEE NUMBER INIT:O
ASSIEN.XXIB)=XX(IB)-!;

LOON, 1;
ACT,EXPONf,:),ATP4IB(I7L.NE,FLYI:, BRAVO CREW FLYING ADD IHP TYL!
ACT/"2

ACT/T.jNFm 2.,:,T):wXI(1 JL;Y:, ON TIME
~C~?,UFRM22.XUO,2~.XXV.FY;PREFIEHT 2MAX RAMP

ACTITRAG(XUP)XX(OUXIO)).XX6).CL; RAMP EXCEEDED, REEHEDULE

-1 OIIMISSION SORTIE111S

% FLYI ASSiGN,.TIB(FhO BRAVO UTILIZED
SLY CCN,11;

VEVENT,.I..: COM4PUTE NEXT LEE i PL7 TIME
:u0N,I ;
ACT)I%0 TNGW.4ART I T TIB 61§LT. I

WILL EXCEEDn DUTY' ,AY ON NEXT LEG
ACT ',
ASIN. YIQ A TIB S I . Tr rI7 + 1;

ASS, ILNT IS AFE :

nOON,!;
ACT5:.~~:?.,XAP :HME Er qOME

ACT;~

ASST'N (iS):_:7.)18-K:!



MECH GOON; DUTY DAY EXCEEDED-MECHANICAL STAGE

ACT... ST AGE;

* , STAGE
3TAGE GOON;

ASSIGN.XX( 0)=XXO11)+TNOW-ATRIB(6); ACCL'M. DUTY TIME
ASSIGN, XXf!)=XzX (18) +1;
EVENT, '10.1:
COLCTINT(6),DUTY DAY,,1;
ACT/26,,ATRIB(2).E9.10,XCLD; HOME STATION DUTY DAY EXCEEDED
AC"T,.ATPIB(2) .ED. 11,rYYR; WHICH BASE?
ACT, ,ATPIB(2: .ED. 12,ESXX;
ACT, ,ATRIB(2) .EO. 13,KPXX;
ACT,,ATFIB(L2'.EO. 14,CYXX;
ACT,.ATRIB(12).E9.!5,EDXX;

CREPT E, ,,, ;9UMMY TO !NIT gUEUEkP)
ACT:

QUE? QUEUE(O); CYCLE IF ALERT WINDOW EXCEEDED
ACT;
SOONO ;
ACT, ATFP(2).E9.10,9UE2;
ACT, .,ATPIB(7) .EQ. 11,CY;

AC7..ATRIP12I.EO.2.7P;
ACT. .PTP IB(:) .EQ.12
AC7,.ATRIlBl2).E2].!., ED;

ACT:
TERM;

;fl*S
T ASE PASE ~BPSMfh

CYYP STAGE
CY p 300N. ,

4 ATATTB:. E A 2~ ~E~;AFP!)aL '"-E 7 ME:H 5T ;E

COLCT.?E7,NE aT y INTEPARc ,'4L

'CT;
GOCN.!i

:HECK TCO "IrE t 2E-rDWPE.D WOME 1P EICEEDED
ACT:

ACT.L-NFPM'IT7. 1., .7): CPEW ~E
~I.ATPP~1~~ NOW;

FE- a



ACT.. .:112,
0111 OUEECU,,,.A~hACFT

Oil-& QUEUEd!:, ....MAT3; CREWS AVAIL
MMAT ATHSL/X1Q1A1 MATCH ACF T WITH CREW
AXL EDEN;

4XX(34):ATRIB(4) ,XX(3t)=ATRIB(9),.X)U1h):ATRIB(13),

ACI ACCUiI,2',2, LAST;

ACT...CNK;

* EGXX STAGE
*E;YX GOON.1:

* . ACT;

CULCT,BET,INTER AT E;l!,,!;
- -ME12 GOCN,2;
4"ACT.,,Qi!-;

ACT;
GOON, 1

ACT;
EG SOON;

A55 SN . ATRIB !b,: NOW;
ACT, ...I:::

::: UEUEZ_2 . ... MAT4: AF

!1 UEUEdP.,MAT4: 'FEWS AVAIL
'4AT4~'~TC -1'4-.1L 122/4C2;

ASSITEN. XXJZTIU .I!J=A TPR: I*;. 1 XPI?

-- ~ :,LAST;

ATF TE 'r h I? Q, ~ -5

KPY TAE
CON.1;

COL.T.BETA:NTEP AT KPXX.,I:

ACT .. 911;
4CT;



9 M

ACT:
UF 600N;

ACT, UNFRN(U7. , 14. . -1)

ASSI6N,ATRID(16)=TN0W;
ACT., !1'2

9131 QUEUE(23).,,.,MAT5; ACFT
9132 QUEUE(13) ....MAT5; CREWS AVAIL W/2
MAT5 MATCH,5.413I/A3,91321AC3;

AX71 GOON:

XX(3j4):ATRIB(4),XX(7!=ATRIB(9),.X(36)ATR.IB(13),

AIT. ~CCU,22.T;

CYXX STAGE
^cYxx SUMN,;

ACT,.ATRIB'1).EO.ATRIB(2 ) ,ME14;
* ACT;

CaLCT,BET,INTEP AT CYXX,,1,
-ME14 rOON,2;

ACT;
-* '.GOON.1:

- * ~ .ACT;

CYX MCN:
ACT.UJNFPM~l.!,Z,

ASS! SN. ATFIB( 16)TNOW;

014: OUEUE;i4) .... MAT6: 'PEWS AVAIL
4AT' ITC~ llllI!AX 1244

ASSSND=TBI 'TRIBT:!=0':1,A jP;

C4 ACT.CM:LOT;

ACT,.

X,



CQLr.T, BET, INTER HAT EDYX,,

ME!5 GOON.2:

ACT, 11
.4 ACT;

ACT;
.ED GOON:

ASSIGN,ATRIB(16)=TNOW;
ACT, ,152;

1151 QUEUE1.25) ....MAT7; ACFT
OM! QIEUEUf).,,,NA 17 . CPEWS AVAIL

AXf

XX(37>=ATRTB(101;
AC ACCUM. ,,LAST;

ACT ...CONT;

ENX; STAGE
ENXX GOaN.1;

ACT;

COLCT.BET*:NTER AT 'NX~.1
HOON,.';

ACT;
GOON.I:

EN GOON:

r4-ENATRI9(169:TNOW;

:i~ OUEUE!26 .... AT3: ACFT
916: 9UEUE(!... 1MAT8: CFEWS AVAIL

~~ JY' TPbO,'61AR!P(13)j

eq HLO ACCM,.22.LAST;

ACT ...CONT;
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KTIK STAGE
KTIK GCMN,1

ACT,,,ATPIEB1l.EO.ATRIB( ) ,ME!17:
ACT;
COLCT,BET,INTE.R AT KTIK.,1;

ME!' GOON,2;

ACT;
GOON.1;

ACT;
KT GOON:,

ACT. UNFRM( 13. * 14. ,3);
ASSIGN, ATRIB( 16)=TNOWN;
ACT., *.0172':

9171 QUEUE(27) ....MAT9; ACFT
0172 QUEUEi17)1,,.,MAT?9: CREWS AVAIL
MATQ MATCH,5.0177'/AC7;
AX7 ASSX3)ARB!,X3)ARB2,~3kTI~)

XX(34)=ATRIB(4' , X(3)5)ATRI B(9).,XX(36):ATRIB(13),
XX (37) :ATRIB( 19);

AC7 ACCUM,.2,2, LAST;
ASSIGN.ATRIB(1)=XX(31l).ATRIB(2):XX(32') ,ATRIB(3.):XX('33),

ATR!B(19):XX(37) ,ATRI9(20)=0;
ACT,,, CONT;

111tMISSION CONTiNUATIONttll

.ONT GOON;
ACT.::;- ENROUTE DEPARTURES

ASSIGN,ATRIB()1)ATPIB)2).ATP!B(6):TNOW.l: PFESENT NODE=ATF.IBEK
AU,'.uNPM~Xl9.'x:2~.xL .LY;No MAJOR NX
AC~i.JNPM~~2c~XWX~),LY:DELAY

ACT.W, R IAS (XX .3),Xy 1I,,)XX 1 -..XX61 .TAGE; RAMP EXCEEDED

11I1'K MISSION QUEUES POR WAIT TIME AND ALERT WINDOWS1111

'EATE. I.8:40,;
EVENT.::
-!IENT, 12;
TERM:

ItItHOME1111

HOME SOON;

EVENT, 10,1: UPDATE 70 1?0 TIME
COL7,INT!2),MISSION LENGTH; TRACK MEN LENGTHS
COL:T7,11NT(b),LAST DUTY DAY; TRACK FINAL DUT' D0

V--



~SSINA~lBATRB(IQ+TNW-~PIBS);TRAC. TIME AWAY

ASSINXX~~X2~+AP.I~,~T.IBI=O:ACCUMULATE FLYING TIME
*ASSIGN,XX ")=X 1)-X27); FLY TIME THIS PHASE

ASSIGN,XX(30):XO(1)+TNOW-ATRIB(6); ACCUM. DUTY TIME
ASSIGN,XX(23"):TNOW-XX(24),XX(39):X('O)-XX(4); DUTY TIME THIS PHASE
ASSIGN,XX(41)=XX(9)gXI231)/73O0.56,XX(41)=XX(D1)IXX(41); AVG WORK MONTH
ASSISN 'XX(42)=XX(9)tXX(23)/730.56,XX(42)XX(5'.)!XX(42); AVG FLY HRS
ASSIGN,XX(43):XX(43)+TNOW-ATP.IB(8); CUM. TIME AWAY
ASSIGN,XX(44)=XX(43)-XX(45); TIME AWAY THIS PHASE
ASSIGN.XX(46)=XX(9)$XX(2 3 /7" O.D6,XX(46)=XX(44)! Xtl.U: AVG TIME AWAY

*ASSIGN,AXD(17)=XX(17)+I; ACFT INBOUND
COLCT,XX(2'S~yS FLY TIME,2; FLY TIME THIS -u255~

/'.. TART; 'P AAIL.
ACTjSER(:);ACFT "X

ASS:EN :N(~ X"I RESET "UNTER, ACFW NBOUND

TERM-,

U*2NSUCEE~2LHOMESTATION PREFLIGHTtttl

YCL SOON; RAMP EXCEEDED
ASSIGN.XX(3O0):XX(zO)+TNOW-ATRIB(6): ADD DUTY TIME
ASSIGN,XYXUB)=XY'S)+l;

ACT... START: CPEW PACK TO CREW lEST

EVENT,1.I: IS PRAVO AVAIL'
~CT'~, IT~ NE.3. JE~;BRAVO AVI!- EATCH

ACT;

ACT. ..110; RESCHIEDULE ISSICN
'REE AlcT! I;
TERM"

XCL[ ON DUTY DAY EXCEEDnED 2 UCME
ASSIN, X K~~ T~ .TOW-TP!B6):ADD CU'TIME

AC',,.AT
ACT;

EVENJT, 'I' is IS BAVO AVAi!?
ATO T P f 1 NE.3.)1'E5; ~PRAVO AVAIL-RE!4ATCH

ACT:
SOOnN, 2;
ACT ... I I RESCHEDULE ~SC
ACT;
FREE,ACFT 1
TERM;

XCLA S-2ON, :
ACT/IS COUNT 41SF.InNS CANCELLED "LIE 70 NO4 AC T
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,P.

MSHEDULED MA!NTENANCEMI:*

A.C.1 AND REFUP8 NOT ACCOMPLISHED DURING SURGE
HOtIESTATION CHECK: 2 DAYS DOWN EACH 60 DAYS

CREATE.XX(47), 0;
AWAIT(!),ACFT;
ASSIGN,XXflIB'lXX(19)-!;
ACT/2v.RNORMl(48..1,:)

* - ASS!6M.XX(I81=X!8)+1;
FR.EE, ACFT! 1:
TERM;

REFURBISHMENT: 10 DAYS DOWN EACH 1S MOS

GOON, I:

ACT;
AWAIT'1',ACFT;

IC'0ROM20 .0 p3)

ASS EN, XX 12)=XX 1 15)+1;
PPEE, AuFT/1;

TEF" 7E~m:

A.C.I. 6EL~N 150:~ ASDWNEH:

ACT, , ly4c'.DLEM NO T.4cp

AWA1IIP. CFT;

FREE. ;CFT: I;

ZaDEDHED -OME: EXCEEDED FLY' !MrEtl

E E LlE 7 );
AM~

:SE: TpN. lpS) T- WAY
AS! X~ ~= W '4; !H 'qE 7)1'

* ~ ~ ~ ~ ~ - fETN 4( ':fY 44Tfl- l .X)C:X4(.4);

MON;

AS15'*APP A

*~~~~ 1*~.-



~EEISN.X4=Y XPX)y CL, VX (4-2V..41-cl 'XXy 4^) L

COLCT. X('c , EYE FLY 'M,2
A C7,JE2EFFP!C TAR'; CREW AVAIL.
ACT;
TERM;
ENDNETWORK;

UUtDESCRIF"IDN4 OF COMPONENT~tlit

I) HOME .^TATION SCHEDULED MAINTENANCE
-)CREW PRIOR TO IISSICN ASSIENMENT

U :4) 'WAI T ACFT
F) CREW PPICR To MATCHTIG WITI 4ESFION 1MT2)

S~ ~I PICE~ TO ATCHINE WITH C REW tAT2)

7) DEADHEAD TRANSITION

?) BRAVO CREW -ILE
* - ; 9) BRANCHING FOR WINDOW OTRN

!I' ENTRY To BRAVO !F CREW REST NEEDED

11l-IT) CREW ENPOUTE
20C)ACFT ENROUTE

;ACTIVITIEE

- CEW PEST

~:,DEF 'EH TX --SAGE

PAMPEC 'EEDED ENPOUJTE
7) RAMP :-EXEDED AT 4.CNE

111:- JUICY :UN:3 '!ME

'4y4FEF,:
U.? E 1-C N'?MP -- CTEENS

11-1- P COUNT

* . ~C o : !TE-A 40 HME
I; ''r T Vi ' 4 1TE :Nj SYEEC
* C'tIS 17O C-ANCELLE- O -C cREFLITGHT

24 CEP.4F T'UPES
* ; CV EAVO L:ES2

* FF IT RRFLHT HONE STAT:CN -LT %'~
-, E:W NROUITE - ATE DE;PARTUJRE

-o0'c

~ 'HEC



7'AF;C.rAOH7NE ZIO DAY LIMITS

"FEW PEET :OF BRAVO

FLY'IME

"~HOME CREW FEET

~. MX
4) CALC MISSITON FRED TO MEET 7UR

: TAGE

: ATTR IELTESc
,RE-E.NT NOIDE

2) NEXT NODE

SI ORTIE FL'Y T IME
4) STACE1

6) SHOW TIME PIP :AY
T M.FLY TIME

8 ) CHOW TTrFR4
RO .1UTE NUMBER

10) CUM. TIME AWAY FROM HO0ME
11.:) SUM. FLY TIME FOR 7wi DAYS
12) CUM. FLY 'IME FOPO 0O DAYS
* WHICH LEE NUMBER

V ; 14) CREW ID
,J iz DAILY SU FLY 7TM

16 START '!ME MISC
C12 R12 F F YO 'EW

- ~HEr,2F0.wOUIJD TIME
QI Ii

.TAGING zC CREW FOCP EVEFYYAFFIA'',S
.'% 7'-', LIMIT

7)PERENT AVILBE
CREW CATIO

*E qW.r 4*PV :cI4 :C' -1 CT -

12' 4 ]F 4C% FTE uC E SYSL CC2R E

.1; 4' 'IN G

16) -CE~ _WN1 CF INOUDC
ZC^FT HIOME -ENINS MaiNT EN ANC E

9)4 Nl~F

le 'C iwc



I SC
2? UMBER 'IF LEGS
:7'.'ME SINCE PHASE CH.ANGE

i4) TIME 'IF PHASE CHANGE
I CL TME SINCE PHASE CHANGE

-,; 6) SYSZTE FLIY TIM

:1' FLY TIME AT PHASE CHANGE
22) U TE RATE
:0' # ACFT CREATED

30) ACCUIM. DUTY HOURS

'I-:I SAVE ATTRIBUTES AT STAGE BASES

4 9l DUTY TIME S:INCE PHASE CHANGE
;01YLIV TIME AT PHASE CHANGE
41' AVS WOP' IONTH
1:. * * ' 11 A" 1 '; HOURS

4)'!I
ME AWYcIC HASE C'HANGE

4! TTl1E AWAY AT *HASE CHANGE
4,It) AV 10 7M FROM HOME
471 FRED CF HSC

481) FREO ?F REFURBISHMENT

*:491 i)=PEACE, !=SURGZE, '>SUSTAINED

c RE9 7F ACI
51 CI NEGEE FRPOM PEECHEE'ULC-NG
0: TC TAGE rCR-EW UITILIZE,'D

C~~'
4

JCErV K CEW ~ :SAND SFE
.................. .E

MOIC - _ :-. :A: -E

:,willre



SC

P717TPAN Maim

DPHRPM !AIN

DIMENSION NSET14000'
CDM~I!ECO~! '~T~I~i10OT ID(O)DL1OTO ,IlFA,,ETOP, NCLNP.

..NCRDPRNPPNT.NNRN,4NSET,,,'ITPE, 00),' L 0). 'TETNWXUO

COMN/PIANNUMRTE,BASIC 10),NLEGS10,FEPC0I,TJPPOTUPFSG

22 MMCN!FLYI'ACFLTM(160,9t ),MAN,N
COMMON OSET(40000)
EnUT%'ALENCE'NSET!) ,0SET(1))
NNEET=40000

NTAPE=7
NPL2T='

STOP

END

SUBROUTINE EVENTQ'EVNT)
-2 -O Q1: 2.4,. ',2 10 . 2 EVNT

1 CALL SRAYC
CE'URN
L CALL :ANCZL
CT'RN

CAL' RNP

E 2-L 1E

CA~LL 2E

-RN
3 CAL .~T:

EJN
0 CALL

EURN
10 CALL J!PF:'T4

~ET'-IN
11 CALL WJAFM'"

_RN
12 CA'L. A7'1CW

CERN

END



C WW:U::UU: U WS UFI ~ EW 4VAI'LABLE'
2?MONIKCMIAT PTP1O' ,O~ODAOTOMFA, ST P, "" NR
,NCRDP,NJPFNTNNPU.N, NNSET, NTAPE, SS I):251 001 ThEXT,TNCWxx ( I

* - 2nM0, 'FET 4000O)
DIMENSION NSET(40000)
EQlUI'VALENCE(NSET(l),QEET(l))
DIMENSION A(70)
NQ=.NND (8)
IF (NO.EO.C) GC TO ~
:ALL RMOYE",B,A)

* A(9):ATFIB(O)
4A6)=TNOW
A(8):TNOW

ATP Tpl =!

'AL' UPBPAV
RETUR N
END

SUPROUTINE C.ANCEL
C W:O:;:CANCEL :F !N SCHEDULED MSIN QUEUE, ITP IOF THNCH

CMC.K !!'T nD(1 V))DDL 100). DTNQJW. IFAMSToP, NIC'NR

EG1,IVjA! :ICE NEEC f 7EEr

RANK=1

TT=TNCW---':

CAL-~~ W.C?

EUSF22!I !FNN ',W ]

1j p 'IT JJNF N SET. NTAFE yES V ITE ,TNCW. i'O

NOM2 c,---?.

-l'



'HE

ELSE
N=N+I

ENDIF
DO 30 L=1,160
IF (N.Eg.1.AND.ACFL.-M(L,N'.'T.CFLTM(L,N+Ifl THEN

ACF-LTM (L, N) =ACFLTMIL, 91)
ELSEIF fN.EOA1i.AND.ACFLTM(L,N).LT.ACFLTM(L,1,) THEN

AFLTNM(L .N) =ACFLTM,1 L, ,N- I)
-- ELSEIF (!.E ?IAi..'.,ADAclT (,I~..CLML,+ )

I T HEN
ACFL T L, N) AC;!- 'M(L.NI- 1

ENDIF
30 ONT INLE

CALL HD,.E:CrP?

END

SUPPOUTINE !ESION

"MM ,DNW I A.~SO.CN

1,NCRDR,PRNT,NNPN,NNSETNTPE.Si),SSL00,)),TNEXT , T!Cw, 4 x I o,!

I,NPASEE ,! 2TAGE l\ !0) , EGT -I) 10, SAT(1., '01),ACF, ROUTE
:Mll I AlY Cc5U -PM0,EYPFLY, SB

IF X'1 0 CI E]

~ :~ U -SG(J)
IF Y.'? EQ j=CM

S ::NT:NU'E

ATP~

END

-4.D 1. VT EI.i 1 - N(T.C4 --N
I NCl FI, ;.IiLE.

NT'E 2S 'NE (7,R lP , IS

I ,NPA-3E V.? cE E 1. 1.1 A:I" T

:,Cc' .3B4

='*45 A'F 2 10 .4'- 1 "



RETURN
END

SUBROUTINE STASEER
C tSUSUIt~tUSWSUI$W:WtttIOSITON TABE CREWS

OMDNSCO'A TPIBMOQL)2"'C :DL !Of<(,' TNJW, TT,NFA.MsTlop!NCLNR
1NCRDF, NFRNT,NNRU, NNSET, NTAFE,SS(I00) 1'- 1'M) TNEXT, TNUW, XX!(Il('0

DIMENSION 4EET(4000')
CC MOn 2EET140%)O)
EQUIVALENCE 1SE7'I1' ]SET:1
_) ENSICN ;~i.!NNTT(17)

DOT

2 CONTINUE
C'~D if : I:,NUMRTE

DO P3INEE-

* R STAEEU,J).ED. THEN
* SB=NBASEK!,j,:

IF 2XV49'.EC.) NINT OT(SB)= NNTOTISE)+CFEQFC!TIItHS4

IF 4? .:

.'IF V( '.O ~ TTEZNCfE-FE2SUU: VHFEP

ENE:F
. -. :2JT:IUE

YA] ;4'TK)

IF X' 'I" *S; A ERN. N''
2C J hE

-, 'r '!K (7) j

- CaL. I N' 24 01 1 uE

:;~ c INK)?) .E 1

CAL

STAFT v!-_C crP TAE ?EA :L.L2w1 c %C EA2HE 2 :E:

CAL

CALL. V'Zs'4



ENDIF
CONTI1NUE

100 FDP! AT" DECE STAGE rCES AT :2' ,2
* -K! RMAT7l SURGE STAGE CREWS AT '.T2':'12

102. F7RMATt' SUSTAINED STAGE CREWS AT '2' 52
-P .ETUR N

END

SUBRUTINE SU, RGE

WMNC2!'ATRIH1OOLDMQQ 001LIO&,DTNO.1 .FA. M T~. NCLNR

I, NPAS%' 'KSTAGEIO:!-'.1T' 1STtlmIAC:7OP-TE
;I'I Trcit 1 tIFd,,JEC fl DrIX

'X~ =12

11(1E1- 1 AF
XX)?' (X'26

OC '::r ,AE
TL EZtES1A)

10 CNT174iUE

CAL' :% '

I IS--------------------

L'."'' -

II ALZ 3AEECR



AD-Al68 898 AN ANRLVSIS OF AIRCREW RATIOS IN STRATEGIC AIRLIFT - A 2/0-
SLAM SIZULATION(U) AIR FORCE INST OF TECH
WRIGHT-PATTERSON AFB OH SCHOOL OF ENGINEERING

7UNCLASSIFIED 8 L SUTTER DEC 85 AFIT/ENS/GOR/85D-i9 F/G 5/9 UL

mhEEEEEElhElhE
EEEEEEEEEEEEEE
EEEEEEEEEEEllE
EEEEEEEEEEEllE
llEEE. lll~
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.7~~~~- IV~ -N m llw7

'ETI!RN

E ND

SUBPOUT'NE UPPRAV
C ittlst:: tts SISCHANGE BRAVO CREW EVERY 48 HRS OR WHEN UTILIZED

,:,MMOn!S^OMIIATRIBfIOO).,DD (100) ,DDL,'100) , OTNOW, I', FA. ISTOP. NCLNR
1,NCRDRNPRNT,NNRUN,NNSET,NTAPESS(100),SSL(I00),TNEXT,TrNOW,X(100)
COMMON 2SET(40000)
DIMENSION NSET '40000)
EQUI VALENCE (NSET 1) * SET ( ))
DIMENSiO.N A(70)

NG:NNQ (8)
IF GX' ~O PN.O~ O TO 12

CALL'1v,'

IF PNAT4.E.ll Go TO 1,1

41IF (ATRPB!7'.EQ.0), CALL LINK(g)
* - 'F! " T IU . .0) CALL LINK(1O)

NRANK.NE.Cl CALL RMOVE(NRANK,NCLNR,A)

C .*KP-02 ATRIB)

SUF"2v:NiE J2Fc!-

C '' co ,.?SJ N4 l

IF NEXT~ -HE A

END IF
3:N.TE.:!l 'HEN

ELSE

* ENDIF

?RI~r::~CLT~~TPI l .T'4R-ALN(ATFJlB) 103)

C-



R PN
END

SUBPCUT!4E ARML'F
C :*::$::$::t*:ENITESTATISTIrS AFTEP WAM~P DERM0

~X124) .60",E+03

XV40)1:X(30)
XX(4t) :XX (47
RETURN
END

SUEPOUTINE WI NDCW
C AWX $ D 2 D: t 1 C LE.p T '4INDOW TIN ALL 72EW QU,!EUES

.,TE TM!OW XX(r
1,NCRDRNPRNT,NNRUNNNSE,4 TPSIe rL'1Q

-MO0N 2SET '40000)
DIMENSION NSET(40000)

INTESER RANK,Z
E ;IALENCEfNSET,'l),QSET~l))
JIMENSInN A(70), B(30)

RANK~I

CALL
*P 'TNW-1.L.?1 - TO 11

CALL Pmrl','EPA.NY~,.

NRA~v=NF:ND' i, ..
EF r. B)

ENDIF

.77



FE7TIR N
END

SUBROUTINE INTLC

.4 IOMON!SC OM1IATRIB(!l00) DO (100),DDL(100),DTNOW,II,MFA,MSTOP!NCLNR
1,NCRDR,NPRNT,NNRUN,NNSET.NTAPE,SS(I100) ,SSL(100) ,T NEXT,TNOW,XX(100)
COMMON! BRIAN!NL'MRTE, BASIC C 10) ,NLEGS( 10)9FREOPC) 10) ,TURPC, TURSG

1,NBASE(10,0:10).'STAEE(I0,10),SET('10,10),SAT(10,I0),NACFT,POUTE
:.FREQSU10',FR.EQSEUlO,TRSU,HRSM,EXPFLY.,SB

C6  CHAPACTERI BASE(10.0:1O)
NUMRTE:0
WRITE (NPRNT,.200)

200 FCPNAT)' RCUTE DATA?
YEN J N 1U t 1E:'z,5OUTE 'E T US'2 L D'
R E W IN DI
RE0) X D RO UT E

10 IF :PC.UTE-LE.999P) THEN
READ I U, I) BASIC(CROUTIE) , NLEGS(C OLITE ) FREGPC CROUTE)

I,FREOSB(FOUTE) ,FREOSUROUTE)
READCU7,,201)CBASECROUTE.J), J=0.N4LEGSCROUTE))

READC1.JC(STAEE(ROUTEJ),J:I.NLEEB(ROGUTE))
READUXHI)ST(PUTE ,),Jz,NLES(ROUTE)1

REAf1,t1SA(RLT~,>1,NLEES(FaUTE:)
- RE(',ClSATpOTE.BAI)POT),LERUE

202~~ ~ SE:MCT' ',fltj21t. ESIC ',R2S ,XNUEE

WRITE'FN, )l AEfPCT ? NE F r~ ?PEQEURCTE

2W t lMT.lrNT :1~ '0 (SAC E rC--7ESURIGIE72 PSAGE ,F ,X

WRITE NFrN !SS FCLTI-, I N.NEGE'FUE

-~ ~ , 3 H EFN .zvSTE 5r,' ,21,LE:CUE

-~WRI
TE '.'T CC! S0 6 ' ' !'=TIF LT 1, NLjEGSF ECUTE)I

es::.VROUTE
Go Tt. 1

NE EDI F
* -REACU,UNACT' , T! FPCTURSK.TJRSU

*6WPV-E%rFl- ,: jlNACFT, TJP., TRSG. TRSU
20 COrA e4ICPAFT AT CHS: 42'PEACE %UF:',!, SURGE 'U'

SUS'TAINED TU)
DO 2 !]T' UT:!N PTE

oc: : NLES9fPCUTE)

pp c-

.9.P



'N oe ~

IF (SEEMtTE.Jr 'YH' NPQSEIP2UTEJ>1

!F lBASE(E0OUTE,jJ).E2.'CYXX'' NBAEEROUTE.J 11

IF (BASE(ROUTEIJI.EGQ EDX-V' NBASERUL'TE,j>=1E
IF BA.3E!P.llTE!lJ.EQ.*ENXXV) NBASE(ROUTE,J)=16
IF (BASEPRDUTEJ).ED.'KIK' NPASE(RDUTE,J'):17

:CNTINUE
* 2 CONTINU

-.- PEACETIME CREW RESQT DOfIY

2X(472:6Q*24!NACFT
XX(481:t47A2C4/1,NACFT

X :1 .24124/NgCFI

,I Y C' ' E'1 =CFT
'.1.

ACFL5 -NACFT 
!

AC=FL (,lUF25. :o ,2
4 A:CFLTM(I.,6E1) -

I TF (R.E: THEN

-- C:FRNQ 425.,3)P ( p

U: ~~ACFLT(,1>CQ

- ** ELSEIF "'PTICC TE

u1FT 'I zN M0 ,5C 1B

REIJIF
END H'



'p 322FTITNE :TPUT

1,NCDF.FPN.NNUNNSENT PE.SSU0.EEL:QCTNlEX,.NCWXX:;l
'YM'BRIANNURT "E.SBASIC 1OL.N'LEf,0O , FREQFC:ICWP. T U, RSG

1,NPASEO:10).TG(01).EU 0 STC 0.MCT O
:JES)0)FES'ITRURN.XPFLYS

CONONFLY;ACFLT(60,91) ,NAN,N
WlrME-NPRNT, 102), XXII)

102 FORM~AT' STAGE CREW FOR EVEFY'.L0 ARRIVALS"~

103, FO5PAT'7 : :~0 AY LiMITS: 'Y.
WRITE'NPPNT, lO4)XX(9)

104 FOPMAT!' # OFEWS AVAILABLE: '4Fl.,0'

10E C~A ' EL!,BITYFCOS

END,

FUNCTIOjN UJSE;F (CN)

C thbn~~h~uI$W UI$U~h* *U1I$$I$WUSSERFUNCTIONS
OnMmnONECCMI.ATFIB(100;DDAO).DDL!1011,DTNOW,II,MFA.NSTOF,NCLNR

1, NCRDR~NPRNT, NNPUN, NNSE T, N4TAPEBS(1O0).SSL(1C0),,TNEXT,TNOWXX(1OO)

INBASE,'(10.il: 10) ,ETAGE(I0,1).!rT (10.I0),SAT '0, I10O NACFT, K .UTE

VAL 0

IFC IFN;

1 RE"Fl

- :y c:'ow1- - -

IEF AH 4

P~ E1



D:FF i ~ r.XE~ V4 1P PAL (D
'Ix15 I CONTMNE

PETURN
c BwIs:::t:I:t2*t ASE STAGING LOCATIDN'

5 USEPFSTGIAEETIE 0ATRIB(I3")-I)

5 USElPF=O
RETUPN

* END

:,77,C71



<-Ap ndi ", D

Scenario Flies

This ac~endix contains the scenario data files used for

both 5inale homebase models and the multiple homebase model.

See Appendix H for scenario information.

"RoutS" for NATO Single Base
1
1 . ,:::..i 1
K- KH S P<F X E EGX "K t:CHS

!:,7HE F::'PXXFXEXX EGXX H

C)' C 1 1
"-' , 2.1 2. 1 2.1

1.' 7 ,7 7 .7
"-H- F' CYXX ENx EGXX KCHS

Til -y p S . C7-

. . I 1 2 1 21

* . 1 4.C 1 14. 4C

.. SHE: : --F"X CYXX EN'JY EGXY KCHS

- 2.12.1.12 . 1

-...-.-. c :~

"." .. :,-ia.- }TT .:  -.''-.'l::; E XX EX; Y JKCHS

r.,',- K' 1 ¢, 1 1
J 2 ! 2.!2. i - 1 2.1

.:.: :21 *

.. :

. D-I1

U.-



ROUt 21 +For NAT-D ML11-~~~

-KCHE ::F X X EZ5XX F:-.CHS

7.9 72 3. 87

5. 7 ?.

2 4

E- T-,Y- E G- 1

(9 1 U2.7.

r --' 
WF

E-:. 7 ~ W R-



____t_2 for SWA SinOl Hcre e

1

1 7 1..- .14 .1 5

KWF I KDOV LF'LA HE:X OOXX OEXX LFLA KWF: I
: 1 0 1 1 1

2 .1 21 2. Z i 2.1 2.1 2.1
k.-. 67 7.5i - 67 9 14 5.69

1 71 .T .L5 .395
KWF I TIK L FLA HEX?( OOXX OEXX LFLA KWRI
K : l 0 1 1 1

-. - ., 6. C. . 9. 14 5 .69

i 7 0 ,) - .'"

K WF I ::F' :X .LFL,"" ' HE~x ooxx OEXX LF'LA KWRI

4:' 1 1 .1 1 1
2.1I2.12.1 i-1 2.1 2.1i2.1
1.24"5.54: 6.67 3.50 2. 67 '9. 14 5.69

j T()4.:: 15.6 13 9

..3_J



* -Cgendix E

n-imule-tion Outpu~t

ROUTE DATA

PEACE LUSAGE: (0. 220 SUPGE IJE GE: 9. 00ELSTIED JitAGE:0.1'
-, -BASES: V CHS VFXX EG3XX L!CHS

SCHED 3Jfl' TIME: 2. 21 21

-. SCHED AETIME: 3.5 7. 2 3. 7
C'-C I uSAGE: 'i. 798) SURGE USAGE: C 2 BSTAINEC USAGE: C.570
B BASEES: L:CHS KPX N CYX X EYX EGXX i<CHE

SCHEP 3ND TIME: 2 ~1 1 2. L1 1

ECHE 4ITZ TIME.:.- 1.21 3.37
F'E(-.CE USAGE: 0. :'u EGE 'USAGE: =L-a EUSTA 7ND flic<. 11

BABES '-X rY X E NNY EGxY KC-H S
S3TAGE 1
SCHED SND TIME: ::12. .1 2.1 2.
BONED AlE TIME: 87 :.2 .0 2-.54 2.37

FEACE USAGE: o() SURGE USAGE: 052 S-USTAINED USAGE: -1210

BASES: K KT TI CYYF EDXX ESXX ICHS

* BONHED GND T IME: 1 2. 1 - 21 -

* BOED IF B 54.' .5 2 '.91
AIFCr-. E4E Ul;: EQ UEDE T"lF: IV. IC BL T ATN1E7D >5': -7.4f)

I2% i E- -GE P ~Eu WCT; 11:0

- -C7 BUT'E. =-C-EC r:4i -T 1::
C BUT IPn r, T7C FT 1P: W

-C m~~ S-, 7F 1 1E T 11: 10C

7~pf - HE IS 15:0
-GE 7..1..1. -1 . - YW T 1±

EL Am1 IM m

* I' TT,-,fl :cnlR:-7-S- m'-TC 7" BUTE

* DATE R:U'~P l~N_1W

:UR E11T TIME l'2BE-4
STA TIT %LAE'S LA F~ , T TMQS'(E



**Tp.-C P1r ).FTB E A E II P E l':T -~

MEAN S T ANDA ) RD :flE~c.09 MQF .IJTI! !1-1'jM '*4F QRO
VALUE DEVIATIONj VARIA TIOC.N V~aLUE VcALU!E -)r-

DUITV DAY f'. 1 03E+rr ' I 1 1 E() 1 C. 1 53E-00 0. 2T5fE- 1 1. !1 E-i0 1 47
INTER AT CYYF 0.7 :iOE-0o1 0. 277 E +()1 -.. 2SE2E-.0@ C.ZSSE-02 _1 I55E,62 770
I NTER AT EEXY C. 2490E + o I. 249EC+01 0. 1 00-E+101 0. 40 E-(2C.1)E: 858
INTER AT VRXX NO VALUES RE CO0RD EDE
INTER A T C:YX X i' 4q5QE+f0 1 C. T7E+f I0(. A800(E+(0 C0. T- - t' 2'E+02 4-72
I NTER A T EDXYX NO VALUES RECORDED
I NTER AT ENXX NO .'ALLIES RECORDED
INTER A1T KTB' K NO VALUES RECORDED
MISSION LENGTH 0.10 2E +o 0-71. -:49E+,0)2 0 ..7 4 2E +0( 0. 72E+02 >6EWC)- 354

LAST DUTY A~# C'. IOE+02 0.3E 0 S. ~ REi1 ;. -14-(1)E l2A
EY= Z:LV TIME j.5)E+f)4 C'. 7T7E+64 C. 721E+0'P 0. ' E+ 364
MIccE.tI N LENGTH ". 1tEV .P'l%'P )0E0 ~A___ IF

-- T TME 0.3 18E- 4 P. C)JCW 0. 'EKC .P 81 8-E-' -E+c )4

**STATISTICS FOP TIME-PRFISTENT V)AR I ALEE~*

MEAN STANDARD MINIMUM MAXIMUM TIME CURRENT
VALUE DEVIATION VALUE VALUE I NTERVAL VALUE

:FrEWS AT HOME o72.Y1 '471 5Cl~' 10 C,ff 4

CR EN S '' 4T11 17f 1 1 4-n-

?UFNEU' 34r?. 2:0 7. 32 .,C_ AI

*t A;CRT CThE 21. 7.4-7- v.00 2m.Q p 21 1 f. ooo :s

**F!LE ET;;T:STTrC*1

E 7,~ ECSOCIA1T ED ")E RAE STAN D ARD MA Ml: E:RET VEE§SEE
Nt-'ESE ODE T,'E0E LENGTH rEITC LENE-- LEtJT 4A T

M

4,- ~ iAT * ~ R11 - 5
2 QUEUE 221 -'

S i i .1. IVW -C

4 AWA T  1C'I, ,tI

DU UE '' 1.
5 QU EU-!E _ ~ E'~ 1

.3LJELJE '''' 9 - -

*3 QUEUE j-.47 1 7- iiR-

10 QUELIF P. WC . . -(

12 QU!E!U!E f.) t7 M" if 1
:7 UEUE 4 o

14 QUEUE c7 1
.41 T LUEJ _E air'':,''' 1722

E 2:

Q4

A.:* I'~ ' - . ;L ,. -. *



kJ.

t) 0. .fl . of ' w

- QUEUE 4. -'0 ', A -.00 t
17 QUEUE t. 0'0 . 4

: Q)UEU ('.,)4 279 196
i,,._ 0 0 O( 11 0. 000 O 0.00

21 QUEUE O..CZ . 4 0, "2
22 QUEUE 0. 069 O. g4 6 K) -. 167

23 QUEUE 0.056 1 0 V :49
24 QUEUE 0.044 . 196

."25 QUEUE 0:. 050 '. 219 I 1 13V5%2
-IS2 QUEUE O.000 )0:)")) 0 '00O~c
.,27 QUEUE 0.031 . 7, 1 0 1. '61

2 S . .Ut') , ,.
29 CALENDAR I70 C ±04

~*~EQULP 4CT 3ITY 57 T37**

"CT 'T T YEAE STA.D4 rNAX T ILM CUFFENT E"IT 7'
4 ThDE' UTTLI ZTION DEVIATION UTILIZATION UTIUI>TICNUTILIATION COUNT

1 4-% .558 14 a
"-" O 0 0 Ut.)U 1 ':1680

3) 0 t.2102 5 L0.

12"

1 -42c

"4 W.''- 4=.

40

-4- 4 4 1-

-" • .. . 1
-. 4,,.,5 ( :,.,,, 1 -5 2 1
IC ', ,: . ,.., ,, I ,I 5C

U Ig1:.4 4 :.4-4 1 -

n.c-, - --, - - - -, - 40:,r, t >-' ...
- ,4



**FEEOIJURCE STATISTICS**

REEOLIFPCE P-ESOUF:C CLUFFEMT RiEGE S-T AfD 11 MX IMUMCUEN
UJEEE L APEL CAPFAiCITY UT IL DEYI TION UTIL UTIL

1 ACPT 0 13.62 -7. 5 1 06

RESOURCE RESOURCE CURRENT AVERAGE MINIMUM MAXIMUM
NUMBER L4BPEL. AVAILABELE AVA~ILABLE "'YAILi4BLE AVA~ILA~BLE

1 ACRT 4 11l.:S r) 22

* TI ME-FEFP3I CTENT HISETOGRAM NUMIBER P~
CREWS AT HOME

:ELZ E'_A PER
T IME FErEC CELL LIM. £ 40 66 SA) 10K,(

+ -- ++ + 4 + + + +

0 Q 1 rq , i-E-.Ic +- +

0 . 0:. 1. )E+0~ 14+ +

3459. )E+02 +tk**S******** +

AE ) 5E+02 +**f C +
22, (:. ' +. * C +

W 7=E-;-2 + C+
+C +

4~E~-: ~C +

t- ,

it6. - + C
E-'0 + C

J. i. E--Z +C

70E-)2 + C

29. '' ''E-2+ C
-.- r. Z9E+0,2 + C

C
It IF + C

+ 4 + 4 + +i - -- 1 +

- .t $t *40 S 0

E-4



**STATISTICS FOP TIME-PERSISTENT VARIABLES**

MEAN STANDARD MINIMUM MAXIMUM TIME CURFENT

VALUE DEVIATION VALUE VALUE INTERVAL VALUE

CREWS AT HOME 32.2.1 14.708 12. O 51. :fj 2 161.()' 14.C0

**TABLE NUMBER i*

- - RUN NUMBER 1

TIMEHRS AUR AVG WORK AVG FLY AVG TIME

MONTH HRSMO AWAYMO0.1800Es'.4 0.E+1 O.!16E .
,,

.4 2...2E0
j- . . - - E- C .4707E+" - -E0

.10 20zE-+04 0. 597E+01 0. 12 1E+qC 0.SBBBE+02 1.4222r+c'

.14"'E+'4 u',.2292E+01 f'. 1414E+( i. " .17P7+'2 046E+

0 2 1SE+04 0. S545E+')1 0.1421E+67 0.2144E+02 0. 4742E+0-
280E+04 C. 

0 3E+01 0. 1450E+07 C. 3 +02 0.492 E0

0. 240)E+04 0. O15?E+-) 1 '. 1454E+( c .8725E+02 (0. 4907E+C3

0. 2520E+04 0. 9413E+ol 0. 1465E+03 0. 8946E+(')2 . 4975E+03

0. 2640E+04 0. 0499E+0. 1 0. 1472E+.-: 0. 904-7E+02 0. 501 I E+0:

. 0. 2760E+()4 0. 9567E+0:,1 0. 14 76E+07, 0.9 1BE+0)'0. 500:E+03

MINIMUM 0. 5047E+0 1 . 1216E+0 0.4707E+2 0.

MAXIMUM .567E+01 0. 14E" . ISE+C 0 .5011 E+(3

4

S **FLOT NUMBER If:
RUN NUMBER I

d. SCALES OF FLCT

L=AUP I. 55E+(" 1 . 1E'(' l ", -WE+( - 1

W=A'' WORK MON. 1::E+: o. :TTE-, >. --

FA' ' -FL SM' 40E+:2 . 7 E : - - . -2 E +-

ST-.=A'"'STINE AWA. .- E o.:E" " -"-

I IMEHRS

A. . , + H_ - UF

- UT-

4. -,1S,.i+ -,', + ' .-- : _M W F

z - r, U F-"' " -a,-,',i-, -- *"-,. - 2S

.j, 4y-,-< 'Q+.W... .. . -. . . . . . . ... --



.qr4w~~n r1s'- --p.-.rwuuwrww -wr -- w - 1-v1riwLw~- V~~ ~'MPv.-

%.-~Es EL4'1 Ne*.igrv _ zde

LIMT::.230
rr.wSyqfl(2l ,C^REWS A T HM;2O
TIMST.NNQ(1I1,C.P.EWS AT CYYP;
TIMST,.1NNQ2C),CREWS AT ESIX;
T IMST,NNaU4),CPEWS AT CYIXX;

I 
TIMST,XXCE1LMISS!CNS C.ANCEL;

* :TIMST, X:Eb 3U P.N OU T
rTMETJ X"'2). ACFT 0MC

YAP CE , ' ,AUR;

YAP*A 'A ',4" ,AVE A4QkV MONTH:

V VAR 4F)jAVG E fl5 0
* ~ ~ ~ ~ ~ ~ ~ I! PP!CPV :,%C ~ ,y 0 ) :HVF:'TQ,4,HV ''EHro'~

-m 2'HV'C?: iVE-^E 7RIIv TO A CR'EW THAT HAS BEEN MECH. ST'AGED

USER INPUTS
* - NT'.Xl:~r STASNG PCY

SDAY FLY LIMIT
*INTLXX!=7T0 '- DAY LY LIMT

S:NTL. Y4 -49; PB OF ON-TIME

INTL.' -. 144: POB. OF £ELAY
272.~~~ J"- C F FESCHEBLILE

NC -' X* +XI1

IN TL .I I

KtMRH T pj ET. Q PS-Ir '' TATECTJ2CIE''t

I V.-* '-- 4 1 H :rr 'Cj: :;NhjcEE :c CFEj C ;

NE-4C-k

F- 1

CF~gEIL,:CK: FENi



--------- -- '-~~ .T I ')O

AT7 t~r~ I T E, ENT ?5E

4N~TFT''~* 3.XIP,3AP.; AP -?n DAY LMT
ACT-
EVENT !,:;: sPl_:T FASESI

~CT~ ' ATT~l' C YX ~PATPSC')GEMMI.RET . ENTER 24 HOUR
CREW REST IF 70 OF, 00 DAY '-IMIT EXC(EEDnED

E' EVEN 7. 11).I UPDATE 70'?0 PLY 'IME
ACT, .-̂TAFI.

QU EUE2)

CREATE ,2,ATFIT cFE0 lF W
A., n ia _

ACT.~~~ r.fg., -, j r 7

;y LEEK:,, 4: Wd B!FTI:

ASS!S.!7NR.Y~~ 2

i- CN ': - -

r' E r

TF
ACT: ' N I T .5

ACT:'...................................- -R" P

AC, ATE IAr E 417
ACT FEJRS

ACT

ASS 2K*JXX~' =4~:Ir~+::RESETS VI RFJ

F -2

%-5-..*** -~ 5 . . . . . . . . .' -
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BOON;,UE5 TRAVEL$

4"! AWIAUK7,ACFT; I
ASSI6N,XX!tB):fl~t9+1;S
BOON; I

6. ACT,!1;S

IS$$CREW SHOWS AT SQONItS

QUEE 2UEL'E(f)-,,,AT: CREW

lSSSFPEFLIE[HTSSSS

QUEE mlQUUE ....MAT-- MISSION

*TCE - rr.w 7

SE NUJ FE F 'N!T=O

*.ACT, EXPOIN::.,:'ATF: B 1l7NE.:,LY: B RAVO. CrEW el YINE

ACT2'.,NFr 20,2..atFY ON 1N
ACT!Y7'.UNFRM!2A XX(1C') 2)XX CFLY; PREFLIEHT MAX CAMP

ACT'TTF!A'XXU),XXSYXX:oyPXY~), ~ CAPPN EXCEE:. FESHEDULE

FL v! 3 AS11.A I I n BRAV7 2"L'XEE

; EVEN',: CON NX L :j 1; - -

ACT. It .7';7W-4'7 'B -T:Es:' 7.

ASE:E.2N. YYcgco~

VACCZ' E c r,4

AC''U: AiV EQ. ATKC4 NE: 1E.1' K E

ASSTN :Ex Si

:740U1TE ACHIEVED 'VTE RATE

2 F



SOON, :

A CT, T IS .E F.MO T 4. f S 1 Y HEL"L E E

IECH -KON; DUTY DAY EXCEE:En-4E :N::l:L :TAGE

STMEE

A E Pl X+7 2w- 1Ej
-VENT. IU %"I

CCL?7. :,NT ,DUTVNY,:

WH4ICH PASE?

AT:

4ct'..S 2.

AC': E :,E

ATnT

AC, -? ED,. : :

- :'' .:.D

AU PFR' E2AT:~,~~~AP~;'AL :UE 4EH :' [E
ACT;
COL'?T.ET,:NTE; 4'>Y :Y-; ITPF:A

R-4



!Ell 5-00N,41;

4T;

ACTi2lRNOPM(^4.,.7 .ATIU;.E~(~ RARBl) ~ .ED
CHECK jO100 TIME & DEADHEAD

ACT;
CY C'OON~

ACT,UNFRM(l3.. 14..3): CREW REST
ASSIGN,.ATRIB (l6)=TNOW;
ACT.., Q112:

Oil! OUEUE(!! .... AT3 ACFT,
1112 IUEUEUI1),,MAT3; CREWS AVAIL
MAT7 MATCH.qOll1/A~l,@1I2/ACl. MATCH ACFT WITH CREW

ACI AC C10,:.LAS T;

ACT... ONT;

V EGXX S.TAGE
ES.-(X GOON I

A CT;,AF~)E.TI())E2

COLCT.EET,INTEF 'IT
~Ez SOON.2;

ACT. .. 1121;

GOON,:;
A :~r

ACT;

ACT.NF~:

ACT..

ASll. N 1UtTEIB- ...M; K AC Th ?K K .T:I Y

4CT... ,CC-NT;

KPXXA STAGE



, CT;
CDLCT,BETIATER AT 1 'FXX,,1:

-S.. - ~E1 GON,2;

ACT;
GOON. 1;

ACT;
KP GOON:

ACTSUNFFM(U,. ,:4.,');

- I ASSIGN.A^TRIB(16)=TNOW:cEB
ACT- 1:

wQ1i 2!EUE,'^2l., .,AT-.; 4CFT

- C: ACCUM,4."'LAST;

AST R I B T I (4 1 ) A B ( TQ) .T I( 3) =XTXB(3) , (3

ACT,Z NT;

CYXX STAGE

LCT;
COLCT.3T.INTER AT YX2
GE! C, aN , 2

4CT;

ACT;
CYX SCON:

AS ITAPI?1,I! Now;
ACT, QK

:4: 1 2JUK.,,AT6: 4CFT
§14: iUE E 41 .... AT-; C EWS ;YAIL

* ~~~~~AX4 A3G2':~TI': :A I

X X(:ATRIB(10):
4C4 ACCUM.,:. .LAST;

F-



ACT,,,CONT;
EDXX STAGE

EDA SOON,!;
ACT, , ATFIB I) .ED. ATRIS (2.),MEI

- ACT;

CDLCTBET.INTER AT EDXX,,1;
it El! 600N,2;

ACT.,, 0151l;
ACT;

a'. ACT;

.1ED GOON:

4SS1GN.ATRiEB 161:TNOW;
a.ACT.,, 01%,_:

1:f! JUEUjE!2!: .... MT'; ACFT
§152 OUEUEU15)....MAT1: CRFEWS AVAIL

-i ~~~~ ~~AX5 AEI~,~1:T1()X(2:TI() ACZ:TR~)

(K4):ATRIB(4) ,XX(35):ATRIE(9) ,XX(3)6)ATR!B(13),
4.X x(37:.ATRI B(19):
"4AS ACCW,2, 27,LAST;

TRIB (4)'=X74) ,ATRIB(9)=XI(35),ATRIB(!I3)rXX(36),
a'ATRF2I) = X'7):

ACT,. CONT;

ENXX cTA,'E
EN X 'A JKN. 1I

a' ACT;
COLCT ,?ET. INTER AT ENXX,,1l;

ACT,,; 1

4 ACT;
EN' C c.cNN

ACT;U~ml'.1_)

ACT ... 1:
>1 O'EUE~h .1'.ATO; ACFT

* Oh: 9UEUE;16 ,,,,MATE; CREWS AVAIL
"ATE lATCH,5,;161!'AX6.Q162fAC6;

XX (7:TIE1)
425 ACCUM,2,2LAST;

F-
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ArRIB(l?):AX('37),
ACT,,, CONT;

* , KTIK STAGE
KTIK GGON,I;

ACT, ,ATRIB(!1 .Eg.ATRIB(23 ,MIEI7;
- ACT;

COLMTBETIINTER AT KTIK.,1;
ME17 GOON,2;

ACT;
G08N.I;

ACT;
KT GOGH:

A.SSIGN,ATRIB(16)=rNOW;

9171 9UEUE(27),.,.MAT9: ACFT
9 17, QUEUE(U7),,,,MAT9: CREWS AVAIL
NATO NATCH.5,9171/AX74 721AC7;
AX7 ASS16N,XX(31)=ATRIB(1).,XX(2)=ATRIB(L),XX(31)ATRIB(3),

~XX34ATRIB(4),XXI:ATRIB(?,XX:6)ATRIB13),

AC CCU?12,lAST;

ASSISN.AT=I(4).ATRK(9~.1(2),ATRI( 3)=XTR(3)=(),

ATR!8(I9=XI (37);
ACT...,CONT;

* KO STAGE
VDOV GOON');

ACT,,ARIBW ',.E0.ITRIB(2),MEI8;

COLTi.3ET,INTEP AT KDOV,,1;
1 EIS GOON, 2,

* ACT...2191;
ACT;

* ACT;
KD COON:

I ASlGN.ATRIB(16)=TNOW;

* . 191 9UEUEi2B),,,..4AIO; ACFT
9182 QUEUE(l8).,,,lA; CREWS AVAIL

* (' ATCH.S.9181/AX8,912ACB;
* ~~~Ax. ASSIGN.,%T(ARSI.

F 8



ACS ACLN2,2'.LAET;

ATRIB(Q)=XX(37);
ACT,,,CONT;

ttltMISSION CONTINUATIONtttt

:^ONT GOON;

ACT,,'-:; ENROUTE DEPARTURES

ASSIGN,ATRIB(I):AT.IB(2),ATRIB)TNJW.l; PRESENT NODE=ATRIB(2)
CT14.UNFRM(XX(10).XX(210)),'XX(4) .FLY; NO MAJOR MX

ACT/2S.,UNFPM(XI(20),XX '0 ,^) ,Xvf) ,FLY; DELAY
~ RAMP EXCEEDED

tflIC MISSION lUEUES FOR WAIT TIME AND ALEIRT WINDDOWStttt

'REATE, ....240;
EVENT,:;
EVENT, 12;
TERM,

WOME 30ON,
EVENT,10,1; UPDATE 7.)~ T I ME
COILCTINT18),1MISSION LENETH; TRACK MSN LENGTHS
COLCT.INT(6),LAST DUTY DAY; TRACI' FINAL DUTY DAY
ASIGNATPIB)10)=ATRIBr!0)+TNOW-ATRiB(2); TRACK TIME AWAY

AS~iS.X~b1X~2+ATFB~hAhIB(~O: CCUMULATE FLISTIME
453SN.XX% 2)= X(26)-XXI(?); FLV 7TME THIS FHASE

ASEINX~3O:XXTNC-ATIS:ACC11N. DUTY TIM
A2ESN.XXl::)=TNOW-XX(24) Af9=x(O~x40j; .UT !TME THIS F'HASE

AsSSN~x4:x~:X:T~o.,A41=XUL~xn; A"S W 0RK MCNTH
A VG FLv HOURS

AS-'IGN.X'4D!XX(47,>TNCW-ATRIS(B; CUM. 1!'E ;WA7
ASEIN.X(44)(4~YX(4); IME WA 'H13 FHASE

A C_ .X6 'XI 14 6) 4' v 6I~ AV' TIM1E AW47

0 * ACT;
ASSIGN.'AX(l7)=XXYU7'+l ACFT INBOUND

COTX( ,YSFLY TIME,,"; -'Lv TIME THIS DHASE
ACT,USERF(-) .,START; CREW AVAIL.

UCLSERF;:); ACFT MX
FREE. ACF T 1:
AS_2lGN.XXi1T)=X1)-l; RESET rOUNTER. ACFT :NFOUND

F-9?



TERM;
HMZO0 ASSIGN,xx(58)=(X(5s)+l:

-OL-T,XX(2-),SYS P0' TIME,2;
ACTUSERFf2,,'START;
ACT,L'SERF(3);
FREEBACFTil;
ASSI5NXX(59):XX(58)-l; I
ASSIGN, XX 18)=X( 18) +l1;
TERM;*

$$$UNSUCCESSFUL HOMESTATION PREFLIGHTItl$

XCL GOON;
ASSISN.XX:::O'=X)+TNOW-ATR-IB!Lh ADD DUTY TIM.E
ASSIN,xxQ8h=xxU8+I;
GOON. 2:. RAMP EXCEEDED
ACT.,,ST ART; .E PAI OCEW REST

ACT10,UNFRMt7,14,2).;
EVENT,l I; IS BRAVO AVAIL?
ACT/25 ,ATRIB !17).NE.O,QUE6; BRAVO AVAIL-REMATCH

* ACT;
GOON,2;

*ACT...,O1O; RESCHEDULE MISSION
ACT.!,ATRIBUl).EO.3OIFRl;
ACT,, ATRIB( 1 D 0
FREE, ACFT/l;
TERM;

FRI FF.EEBACFT,!!,I
V TERM"
* XCLD CODON;

ASSIGN, 'l.X)( C.TNW- 'IIB -61:
GOON,; DUTY DAY EXCEEDED AT 40ME

-' ACT-~STAPT;
ACT;
EVENT,!, 1; IS ::*FWO YI

~CT.~T~irI~.E.2.UE6;BRAVO iAAL-REIATCH
ACT:

ACT .. 51C,: RESCHE:ULE IESION

ACT .r~:~lEQ. ,FJR2;I
ACT:
;REE.ACFT/I;
TERM:

FRK -PEE,3ACFTlI:
TERM;

XCLA SOON,!:
ACT: 12: COUNT MISSIONS CANCELLED DUE TC NO ACFT

S F-i 1



$$ltSCHEDULED MAINTENANCEt33U33

A.C.I AND REFURB NOT ACCOMPLISHED DURING SUFGE
HOMESTATION CHECK: 2 DAYS DOWN EACH 60 DAYS

CREATE. XX(I47 0;
GOON;
AC.T!,.,AW3O; 3
ACT;
AWAIT(l),ACFT;

- ASSIGN,XX(IS)=XX(IB)-1:

FREE,ACFT/1;
TERM,

Aw::v AWA!T('0),BACFT:

FREE, BACFT/I1; 8
4TERM,;

REFURBISHMENT: 10 DAYS DOWN EACH IS MOS
DREATE,*XX(46) ,O;
GOON. 1:

*ACT.XX(49I.EG.I.TERM.:

ACT;
SOON.,*
ACT-47.7,2; I
ACT;
AWA ITI1) ,ACFT;
ASSIGN,X MB) =XX13 -1:

TE'~ ERM~

AW:BTARL -'T~:.ACT

66!N.~XI~A B1

4CT;:.NF(A...31

ACT, tT1

ACAT; lAC

F-. 1



ASS EN.XX ( IS) XX ( I)1
FREE, ACFT/ 1;
TERM;

AW-e AWAITt70),BACFT-
ASSIGN, XX (I8)XX(18)-I;
ACT/31,RNORM(720. .10. .3);, I
ASSIGN .XX(1S)=XX(18)+1;
FREE,BACFT/ 1:
TERM;

11ttDEADHEAD HOME; EXCEEDED FLY TIME1t

DEAD QIJEUE(7);
ACT;
COLCT,INT(8).MlSSI0N LENGTH; TRACK MISS'ON LENGTH
ASSI6N. A'TRIS(IO)=TRIBIO)+TNOW-ATPIBSg); TIME AWAY

ASSIGN,I; 6)=Xi)IX(:'7:c-,5j, XX(46):XAX(44)/XX(46); AWAY
4ASSIGN, XX(')=X 0)-XX (40);

~ : WORK

*ASSIGN,XX(2.6)=X('b)+ATRIB(7),ATPIB.(7)=j: ACCUM FLY TIME

ASSIGNX(2:XSX2)3,C.X4)~(~/X4) FLY
0LCT,X(:).5YS FLY TIME,..';

ACT.SER(? ,ETRT:CFEW AVAIL.
ACT;
TERM.
EN ONE TWORK;

SEEE,: 'I Th: C.:8.:: C

ltl1DESC lPTIC'N 'Tc CTMPONENTSIttl

::UEUES
1) HCME 'T:TC,! SEHEDULE: MAINTENANCE

- W P1]; 4!E:'l]N 4ZEIGNMENT

': CFT
-; :E4 PR! To MT"H1')E WITH MISSIOIIN !MAT?

- ~' 5N FRIDP TO MATP'HING OiTH CREW MAT2)
7) EADHEAD ';4NST1N

3) BRAVI TREW FILE
7 1' F ANCHflB 'PU WINEOW (F]PTPAN'l

-19) DFE ERCUTE

2~:~ ACT ENFOUTE
C,0 AWA1T INSP BACFT
'1) AWAIT PACFT

F -IL



;ACTIVITIES
I) CREW REST
2) STAGE
3) PREFLIGHT HOME STATION - ON TIME
4) PREFLIGHT/MX AT STAGE

; 5) FLY
6) RAMP EXCEEDED ENROUTE
7) RAMP EXCEEDED AT HOME

8) GUICK TURN GND TIME
9) MX AFTER XCL
10) NUMBER OF MISSIONS
11-17) BASE COUNT

18) CANCELL NO ACFT
19) DUTY DAY CANCEL
20) EXCEEDS :0190 LIMITS AT HOME
21) EXCEEDS 30/00 LIMITS IN SYSTEM

#22) MSNS NOT CANCELLED PRIOR TO PREFLIGHT
:) P# ENROUTE MISSIONS

; 24) DEPARTURES
:5) BRAVO FLIES

;26) DUTY DAY XCL AT HOME
271 PREFLIGHT HOME STATION - LATE DEPARTURE
28) PREFLIGHT ENROUTE - LATE DEPARTURE
29) HSC
30) REFURB

,",- : 1) AC.I.

32 APPROACHING 70 DAY LIMIT
APPROACHING 9O DAY LIMIT

74) CF FOR ?FAVO
:UEERFS

1) FLY TIME
D HOME CREW REST

4) CALC MISSION FPEG 71 MEET 'UP
: .TAGE

;ATTR:ElTES
; ' PRESENT NODE

2) EYT NODE
2P'!?E FLY TIME

5 BASIC=)

I ^-OW TiME cOF DA
CM. FLY TIME

8 SPW TIME FOR MSN
: OUTE NUMBER
10) -UM. TIME 4WAY FFOM HOME
11 CUM. FLY TIME FOR :,? DAYS

12 hUM. FLY TIME FOR 30 "AC
" WHICH LEG NUMBER

14C PEW I r
S 'DAILY CUM PLY TIME

F- 17



16) START TIME MISC
17) MISSION FOR BRAVO CREW
18) EVENT NUMBER
19) SCHED GROUND TIME
20) NLEGS IN MISSION

;SLAM
1) STAGING POLICY - I CREW FOR EVERY ?' ARRIVALS
2) 30 DAY FLY TIME LIMIT

3) 90 DAY FLY TIME LIMIT
4) ON-TIME PROBABILITY

5) DELAY PROBABILITY
6) RESCHEDULE PROBABILITY
7) PERCENT AVAILABLE
8) CREW RATIO
9) # CREWS CREATED
10) MAX RAMP TIME

11) ALERT WINDOW
12' I OF HOURS AFTER WHICH MSN IS CANCELLED IF NO ACFT OR CREW

COUNTER FOR CREW ID
; 4) NNQ(2)

15) MISSION FREDUENCY
16) RESOURCE COUNT OF INBOUND ACFT
17) ACFT HOME PENDING MAINTENANCE
18) # PMC ACFT
19) ISC
2;) MISC
-'I' MISC
22) NUMBER OF LEGS
-. TIME SINCE PHASE CHANGE

24) TIME OF PHASE CHANGE
LY TIME SINCE PHASE CHANGE

26, SYSTEM FLY TIME
27) FLY TIME AT PHASE CHANGE

*Z. ; 251 CTE RATE
S: * ACFT CREATED
30) ACCUM. DUTY HOURS

"1-T*) SAVE AT"RIPUTES AT STAGE BASES
38) MISC
P) DUTY TIME SINCE PHASE CHANGE
.0) DUTV TIME AT PHASE CHANGE
411; AVG WORY 'IONTH
.. AVG Mg FLY HOURS
4" TOTAL TIME FPOM HOME

,.. TIME AWAY SINCE PHASE CHANGE
;4f TIME AWAY AT PHASE CHANGE

46) AVG MO TIME FROM HOME
471 PEO QCF HSC
42) FREQ OF REFURBISHMENT
49) ,)PEACE, 1:SURGE, 2zSUSTAINED
5a) FPEQ 9F ACI

I 511 ENE6ES F;OM PESCHEDULING

F- 14
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V ."

52) STAGE REN UTILIZED
53 INDEX FOR CREW REET ;2=PEACE/SUSTAINED, 4=SURGE
54) :0 DAY FLY TIME
55) 00 DAY FLY TIME

56) 4 EXCEEDING ALERT WINDOW
57) BACFT AVAIL + INBOUND
58) BACFT INBOUND
59) HOME STATION FOR MISSION

INIT,03842; 600 4.5 MOS + 00 HR WARM UP
.-. MONTRICLEAR, 600;

MONTR,SUMRY.1681,l080: SUMMARY EACH PHASE
SIMULATE;
FIN,

'-.

S.o

F-15



AFFEh, jI.J

73RTFAN Main -onr M1t:-gi- HcmTebsL

PROGRAM MAIN
DIMENSION 4SET(40000)
COMMON/'SC MI/ATRhIBIOO).DDfIOO),DDLu10O.).DTNOW.II.?IFA.,STOP.NCLNR,
i.NCRDR.NPRNT.NNRUNNNSET.NTAPE.Ss1o &SL10)TEX.IW.X

COMMON/BRIANIN4UMRTE. BASIC 10) ,NLEEGS (10) FREOPC (10). TURPC. TUF:S5
1,NBASE)10,, :i0).STAGE(!0.10).STUO1O),SAT)10,1O0),NIACFT.ROUTE
I.FREOScU(10 ..FREQSStIO) .TU.RSU.HR.SMO.EXiPFLY
OMMON!FLY/ACFLTM(2416.91) .MANN
COMMON OSET(40000)
EQUIVALENCENEET(1 .OSET(l))

NCPDR=5
NPF 4T=.
4TAPE=7
NPLOT=2
CALL SLAM
STOP
END
SUBRHUTIME EVENT (JEYNT)
COMMONJ!SC MI/ATR.IB 1,OC) . D(O ) DDL 100' OTNOW, I.. MFA. MSTDP, NCLNP
.,NCRDR.NPRNT.NNRUN.NNSETNTAPE.SS(100.SL10O)TrJ EXT.'tNOW.X!0)
COON!B-RIAN/INUMTE.2ASICC10.NLES10',FPEIPE:1'I".UF.FC.TUFEE

nMMONFLY:!CFL:TN)21b'. l) MAN.N
DIM12!4 'IETI40600)
WnM Mn,, ~SE jAO00)
EQUlV.ALEC:;NSET)).DET*:1.

SO To EVNT
1 CAL! ?PAY0

"-7JRN
2 CALL r~lrEL

PETURN
7 CALL !!:UP

.4 CALwT r

FETL'RN
4 CAL'-EE!

RETURN

C AL L :U P S

6 CA~LL zUFT IN
'.4F ' ETIU RN

9 CAL' UPAV -
R E'R RN



RE 7:RN
:1 i : AR MUP

-A IL WINDOW

2 CALL SPLIT
RETURN

14 CALL UPBRAY(2)
RE T'R N
END
SUBROUTINE PRAVO

C wunwuww~ma:w::wwuu~sBRAVO CREW AVAILABLE'
c REWRITTEN FOR MULTI-BASEI

:NC PD R.NPRNT, NRUN, NNSET,NTAP E. SSi!00 E SL 1I00)TNE XT.7NOW.. x100)
COMMON USET 40000)
DIMENSION NSET'40000)
EQUI V'ALENCE INSET (1), IET (1))
D!IMENSION A(34)
NGS=NNG (S)
NQI0:NNQ( 10)
IF (ATRIB,(11.EO3.10..AND.NOB.EQ.0) SO TO 12
IF (ATPIB().EQ.0..AND.NQI0.EQ.0) GO TO 12
IF (ARB1.D1..N.O.E0 ALL RMOVE;1.3,A)

M:!=ATRISMI
Ai __;TLEM!5,A)

IF 1AT;Tn!1.E0& CALL UPBFAVi
: N

END
SUPHLUT7.NE CANCEL1

c ittlittl:itittMCNCL IF INi SCHqEDULED MEN -1UEUE_: CH OFE TAN :: HRS.

DIMEENSINB~
T .ATESER ;ANK
RANK= 1
NlY=11NO (3)

9 IF ToN.S.' 1!

TL=TNOP FNLCB

.. I 'n T

En-



C
IF BhO 0

CALL FMOVE(RANK,B)
NY:NY- 1

5O TO 9

11 RETURN
END
SUBROUTINE MIDUP

c h~lI:UZ~I~lIWS IU UIIIIO H NEDAY FOR UPFLTM
COMMON ' SCOM1!ATRIB(100).DD(100),DDL(100I,CTNOW.I:.MFA,MSTOF.NCLNR
1,NCR.DR.NPRNTNNRUN,NNSET,NTAPE.SZS(100),SSL(I00).TNET,T.NOW,XX(CO)

IF N.E§AIt) THEN

ELSE

END IF
DO : o L=1,216

*IF (N.EQ.:.AND.ACFLTN L.N4).LT.ACFLTMLN+1>. THEN
* ACFVTM(L.N)=ACFLTM(L,91)

ELSEIF ;N.EO.0!A'ND.ACFLTN(L,N).LT.ACFL TM(L, 1)) T HEN
ACFL'L. .6N) :ACFL TM (L, N-

ELSEIF 'N.LE.0C.AIND.N4.ET.!.AND.ACFLTM(L.N4 .LT.A'CFLTM,(L.N'-1))
* LEN

END I F
:0 :c CCNTDISUE

CAL

R E -;- P
END

SLE;PNr 4'

.MMCE FINU.EE IC::;: E'. 2EVS.. E EPI XR P FEY

ICN f'w .1 - . . .EMYtRTiE:CT

IF p : ,Y40.E9,1:' ,' :UM4c -EJSG J)
IF XlV40'.El.: CUM:U E SUS

:r I. 7E .C :, Ilp:=NP+lI
I I:T!T NUE

'.% A. . . . .. . . .'



RETURN
END
SUERCL'!INE lEXT

COMMONI/SCOM1/'ATPIB(1OO,DDUOO;),DDL100.T4W,1,MF.STOP,NCLNR

1.NBASE(1O.0:1O,,STAE1,I ,.)SGT!1O.,.AT .O.:O), NACFT,POUTE
1,FREOSUUO(10,FREQSGUQ),'URSU.HRSMa.EYPFLY

.ATRIB!2Al=NLEGEE(ATPlB(9))
RETURN
END
SUBPOUTINE SFLIT

c CCRII2t:~::IsIISII:UUoIDVDS£EWS BETWEEN BASES
NEW POP M1,11I-945EI

.p. '4r.,NRDF,NiPPNT.NNRN,NNSET.TPE.SS IO),SL'!.:Il.TNEXT.TNCW4XX'O)

~ ~~IP EGC: THEN
AMS11=:T0.
ATPIB (2) =70.

R E
END
S UEC IT 7 "1E ;T;;E5-

E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ TG UT.'P' ,LEB. .E22 ;1P2S

::~~EN:AT, AT4 .L-EU8

CoN 4'N

*~~D -:=!.19URT

CONVNU

C. "'. R



IF TAE1W' g. TE

NB=NASEIJ

ENIF!SGEIZE2DTE

IF ((4E0.0) IENNT1NB) NNTT(+FOC!) HSO

IF XX(4).EQ1) RTNNTOT(NB)NNTOT()ES(IZHSO

NIF X'0.O:

S22 CONINUE

DO 25: K=111

-1 IF :1x(491.O.) Ql RHELNT11KNTTK

CALL ULINK(1,s2
CALL LINK(7
GO TO 21

ELSEIF (NNTOT(K).ST.NNG(K)) THEN
IF '%NNG(2). EQ.0) SO TO 22
CALL P9OVEiI.2,A)

C START NISSIOIN FOR STAGE CREW ALLOWING FOR DEADHEAD '!PEST

-4.CALL ;IE"KA

NNTOT:K!=NNTQT(K)-1

GO7-

A ENDIF

22 CONTINUE

100) FOFNATU" PEACE TAGE r.EWS AT '.2 ' !2)

FOMT I ,RGE ETASE ThREWE AT '.2 ' .12)
102 FNAT' SUS

T
A INED STAGE C.REWS AT '.12.': '1

* END
SUEFOJT:IE '

5% :~.O E2Q1';~IS1ew DD10,DD)I:,YN W.I.F.Tc.P NLNR
1 ,NFPNCN.IR N NEE.NTAFE SSE 100% ,SS -iW:: TN1EXT. TNOW,. AX ' !.!o
:0M'Vl IAN;NCNRTE. SAS I C!C.LE'10.FFEOPC 'I .TUPC. TURSG
1, NBASE:PQ1\STAGEMC I:ISTlQ1( AT:0 .:CKUACFT.:OT

X(!)UlSEPF 4

-5p



XX(4'l (43)

0O '0 '=lMNCREW
CALL ENTER(1.A)

10 CONTINUE
XX (9) =XX (9) +NCREW
CALL STAGECR
RETURN
END
SUBROUTINE SUSTAIN

C :uu*s~s*t:u:~~w****$*:pNIINTC SUSTAINED
COMMON.!SCOP: !ATR IB 10o , Doe100). DDL(C OO). TNOWII, MAMETOP, NCLNR
1,CDPN.NU.NE. AE:Sl0.SiA 'TNEXT.TNCW.XX(100)

CONBE !(j) TEAIC .,NL0CST 0. 1, SAEOPC01 ) NARC7, HRS

XXC15)=USEPFP4)

XX(2U:1.2Th60E+04

R ETUR N
:-ND
SUBPYUTDE JPBPAV?K'2

c ?SI2::::::::::X:;:Z:I~ttCHANGE BPAVO CREW EVEFY 18 WFS 7P PHEN ..-LIHD
'EWRITTEN FOR T-~S

COMMON SET 400".)
)TMENSION NSET;4too)

.. GS T l

:11ENSION ;:,h4

CPNQ8@

!F SOO.F~I.O TO 1

LFMCVE'.3. A)

11EXr:P1NFE;2)
1,- IF fNEXT.Ej.:.JR.NNACT:-T . GE.:. GO TO 11

'ALL COPv-hdEXT.2.A)
IF A11.EG2.: GO
NEX T:N3UCP 'NE~T)

tC,

~. .,.... ..... .... ....



1~CALL QMOVEL-NEXT.-A
lF (ATPIB(17'.EQ.o) CALL FILEM9A)
IF (ATRIB(11).NE.0) CALL F!LEN!2.114

IF O TO 1*1

CALL RMOVE(1,1O.A)
CALL FILEM(2,A)

17 NEXT=MMFE(2)
14 IF iNEU,.EQO.OFGP.NNACT(734).EE.I) GO TO 18

"ALL COPY(-NEXT,., A)
IF WAl).El.:o.) GO TO 16
NEXT=NSUCR (NEXT)
GO TO 14

15 "ALL PMO'4'E'-NEXT. 2,A)
IF A IB)E. :ALL ~LNP.A

F ~)1'~.14E.Q) CALLF:E:2A
GO TO 19
11 NFN~NFN~tMCLNF. S.
IF :NRANK.JE.J! CAL! FM0VEi(NANK'.NCNRB)

CALL EC#HDL.. 4800E+0)2.ATRIB)
ATRIB) S).

RETUFN

18 JPAY:FINi.NLN.13~^4.!NA

R- E:KL14.12p: CCATIB

END
SUPPCIJT "E 'PFLI 

C I stgj I s:zI::;zt::t:::t:::2t:s g t l!:g:, FAT-, S.) T,4 CA M

j14"',NC. F . INPU11. INSET. 'T "FE. :E 0 cc'L:A)'. TKEXT. TlCW.II:X
COC' AN 'N"M .AS 1.LG:QFROC.TUPPC, 7'RSG

COMM9ON;':,AFL M

'4.O ' HEN

4 N90i:N+l
END IF

IF 7P3.T~TEN

* . ELSE

E ND IF

-. .A--A



..4 .- .- . ...

A 4) t4T 7MApB 4,C) T iTPIB'5 )

-~~ AT'

EN:

Qwl1%:4 T
E ?.12C.I D H- ,DDL100)JTNOW. :I. MFA,MScTOFNCLNF

.1 :26)

SUEPCU:NE IDOW

:COMON ZOOIM! -'DI? DD PO I DDL I .0( DrOT40, ME TOP. NCLNR
l,NEPDP.,NPPNTNNPU N,NNSET,NTAPE.-,EI00().SSLiGl3,TNEXT.-NOW.IV1001
COMMON QSET 40000)

* DIMENSION NSET 4(000)
- _]UIYALENCE2NSETfl11.9SET(I))
* DIMENSION A('41. E(74)

:NTEEU EANY,C. !FILE

* C F~3~* 3To 11

d~AL . TOW4W c

CALL CM',E.PANV'. :..A
:F T.~ 

THEN

7 : 9)

CALL -MCIEtNRANK,6, B)

CLSE:7 7.OI HEN

*PA(9)

XX (c.. : f l .
E NC I F

4 CALL PILEN'P.A

GO 0 2



: '.E-4 THEN

ELEE:F I.E.2THEN

ELSE

END IF

.F :.LE. :9) THEN

Go To

END! P
FEThJRN
END
SUE0!IT'NC 'NT -

.2 ON. 3:2M!, AT!B:C .22 MNOW, MF rETDP.NCLNR
I, NUFDP.NF-NT,NNUNE'NAES,(0 I E (0)T NE! T, TNCW, 'UX 100"))

~Y!N F. ANNrEAEC:KEESE(I,FREQ.P!1)TUFC. TURSS

tDIPENSION NE~400
* 2MNON OEE T 

400O0)

QON.K' 'AOFLT2: 6,91 ,MAN, N
* C CHAPA'EP16 BASE 10.0: 10)

*l T. OPE P~lT rZOLITEI. CETATUEIC=OLD"'

: F :RUTE. 2200 THEN
READ::.*AS I CRDLI TENLEE-S ROUITEY ED£rCLTE

QESE-O*EJ >O(,NLEEZ,: POUJTEe

RE;D:.:ST;EIPUTE '= NLE S:OUTE

*RE4D. :E';T" '' nT
AFP IF)TE FP, IKPUTE-BAEIP 0UTE NtEL FKU T E

- AT,' %UTE: .C. l i .. -. 2&, 'NtE? 'F

-. 'RFMA'' :E;E '%:r - -. UGE US'ASE: *F.22

* 1, SLETAINE1 TAGE: '2L
4R:'ENPT$: 'BASE (ROUT.Z)1J:,NLEE1ROUTE)

LT FCR.MATV' BASES: "'2AE)

F0 FORMAT)' STAGET',XF.3
'4F;TE~~ FPN.5 (S LlOUEJ),21NESE)FOUTE))

t crFMATVSCHwED 5,A: :ME:



.:TE dNPRNIT.2Q,6)3 71 TROUTE J:N LE :FOTE
26FOFMAT( ' SCHED AIR TIME: '.!!F62~

NiUMRTE=NUME 7E+lI
READ1113.$)ROUTE

30 70 10
END IF
READU:'. I)NACFT.TUPFC.TPPSG.TU'RSU
WRITE (NPRNT. 207)NACFT. TURPC. TURSE, TUR.SU

27 FOrMAT)' TOTAL AIRCRAFT: '.2'PEACE TUR: ',S2'SURGE TUR:'
5.2' SUTAINEDn TURp: '.F'.2)

DO C OT'.NMT
DO : =2.NLESS ROUTE)
IF E;SE:P OUTE.:YEQ.72CHE MBACEFDcnTC '(=10
IP'F, ERUE::E.CY' NEASE FUEYI

IF 'BASEE*PCUTE.P .2 EX &EFUE:]1
NSASEIROU'ETZU

IF EPSK'.:.O'NX(NBASE;ROUTE.'V6l
F rEASE:FUTE.)EQ. K TIK' 4BA2EPFOUTEJ)=17

*IF iPASE:PCUTE.JY.E.'KDO'"' NBASElROUTE..:q

: 3 ASEPFOUTE.JY.EQ.'KWPI' NBASEIPOUTE. J)='0
ZUCCNT!NUE

: NTINUE
r' ocfLrCT '4E PEW *r0T -Lnl Tr'y

70~3 t4 
5 ,"FT

IF F C. SE.U. 'WEN

* ACFLT'tX1':v,

r -. C2VTINUE

.4.6

ACF '' l.4VTI

UU



MIEE:ON CEOUENCY
~X =',,SERF;'4)
ATRIBM8):0.

. . CALL SCHUL:. .2400E+-02.ATRIE)
CALL SCHDL 7.. 6B1E+04,AT.IB)
ATRIBI 18)=Q
CALL SCHDL!Q,.4800E+O2, ATRIB)
ATRIB(I) 1)6.
CALL SCHDL(6..O100E+02.,ATRIB)
ATPIB 18; =8.
]ALL ECHDL(B,.2761E+04,A'TRIB)
ATRIPI1S)=1!.

* AL_ SCHDL(11. .b00OE~flO3.ATRIB)
ATRP(1B)=14.
LMLL ECHDLij4. .4800E'I'2.ATRIB)
ATFlS ) =i).
RETURN
END
SUBPOUTINE DTPUT

1,NCPDP.NPPNT.INP.UN,NNSET,,NTAPE.SS(100),ESL(100)),TNEXT,TNDW.%X(100)
COMMCN/BRIAN/NUHPTE.BASIC(10),NLE8S(i0),FREOPC(10),TURPC,TURS6
1,NBASE(V' ,0:10).STASE(I100ST(10,10)),SAT(10,I0),NACFT,PDUTE

-: .FPEOSU!I0).FREOSE(10),TURSU.HRSMO,EXPFLY
COMMCN,';1Y'ACFLTM(U1S,91J,1ANMN

~ ruEYEW C9 curv C' APP IVA

10- -',;MT 7' L0AY LIMITS: '.:Fl.

104 FOFMrT 4 EWE AVAIL BlLEc:

ENE'
FUNU7'.N CtV;T FY

L-X2P N.NPUN NNSE T,N TAPE. 3 ES. 1W , EEL 0 :.7'YC.NW; )0)

DI1 ENS3EN VL >

* CLA.- T PE- C'"'N
CVE CE ELN'~

2 IF IVY'-S?- .50. 30 * 6
IF VC.W-4TF!BTq C.-65 "SEEF='

IS!. . . . 'SER 'V

40



'F :'NOW-ATRIBIE: .3.26 ) U1SEFP72

RET URN
£ t~:::))?2tut:ut*OESTATION ESTIMATEDn UNSCHED, MAINTENANCE
- 2. ERF:FNORN%.6..:

RETURN
4 EXPFLP=O
C U$S~IIOIWSW$U~tlCMPUTE SCHEDULING FREQUENCY FOP TARGET UTE RATE
c' HRS PEP MO., / SIP FLY TINE = IMSNS PER MO.
C 7246 HRS IN A MO./ MSNS PEP MO. zFREQUENCY

IF ""IX(.E0.0) HRSMO=NACFTITURPCI0.44
Vt ~~IF 'X4'E.JHPS0O:NACFTtTURSGlT0.44

IF XX'40'.EQ.2.) HRSMO:NACFTtTURSUl'O.44
"CDO 15 I.N1UMRTE

YAL:Ih)O=
DO O:ILESI

ALl U :VALl A) E5TT, J)
20 CONTINUE

IF (XX('49).EQ.O)) EARFY:IEX(FFLY.FR.EQPCiI)IVAL IE;
F XY49.E.4EXPFLY=EXPFLY+(FESSD .ItVAL(Ifl
IF IXX(49).EO.2.) EXPFLI'=EXPFLY+(FREQSU(IUY AL Ifl

It Z ONTITNUE
-- USERF=flO.56/'(HRSNO/IEXP.FLY)

C RETURN
wn u s u u u u u u unCi BASE A STAGING LOCATION?
-JERF=STAGE(!ATRIB)9).ATRIS(13).1)

- RETURN

-" - END



:zen.ar.o Elt.: t=

a. r: cend.; zorcn-,;'F.= the E-cenarc us.ed +cr this - They

4were OrCv/lded t, 'ISA4F;'=CM.

TAB~LE 1.

4IA7C -ir c-e a~n~ Ecrrica

- ~ -- -No

4 FXY(11' 3.: Mc
*14% . 7 Yes

EDX ,-,-7 - ~

No

es

- 2.7 .7K 1e

r) C -

S-r R -Sr tS

H-1



TABLE H.Z

- U2# Dent Dest GT FT S qE

1k iW;;I (C0) KDY(1 - NO
LPLA,(12) YES
HEXX(l:.) 6.7YES
OQXX(14) :7 .5 NO
0EDX(1Z) :='YES
LFLA(12) Z 7 1.jE

Vk.WFI. ) -1 YES

£ L ;WF: T 1 VTV1) '- -

L FLA I -D -ES

OEVX1f"
LP 2)14 iE 3

WR .ii. 1.2 I 4 NO

LFLA,:U) -547
HEXX(17) -. ,ES

OOXX(14) -NO'

-q £3EX!K1 -ES

'Vi:::T 1 1-ES

22..

H-:

. .



TABLE H.

NA'T 111 NtZ *'n = Hcomebasa E:cerearffic:

P ou t # Dept Des-t G T F T S ta e

I LWRI(:Q: KDOY (1S) 2. .3NO
CYYFI(11) 2. .5YES
EDXX(5 27 .2 NO
EGXX(12I') 2.7 1.21 YES
WI:C 7 I. 'YES

2 KWFI C' KTIK7 :: : 11 NO
:YF 11) 7 4YES

EDX 1 . NE

- ,CHS:H YE/A 1- No

r2HS (1ICC) 3. 37 Yes

4 ~ 0 KCE1C FXX (17) 2. 2No
7wYXX (14) 2. Yes
EDXX (f1 C No

- 1 Yes

KCHS ( 2

~~CH5A"I) V.;'2 x 1f N
E-7 11EE

4-

41F:. 27 47 e
ZD/1 . :N

L~Yz1\ 2,



H IVA Input Program

/PROBLEM TITLE IS 'THESIS .
/INPUT VARIAiBLES ARFE 17.

FORMAT IS FREE.

FILE IS 'ancvsl.dat'.
* ~ ~ RIBLE NAM'ES ARE ID * -TAGE. F'LrlT. TUIR.'E~F2ENT,*.FEiB

* GND, LEGS. AUF:FUR, AVGWOR., AYC-FL yCANCEL, AUF.
ADD-1.
LA~BEL IS I1).

TRHr=PJoF IF ITUF EC -1, THEN ~RiFFFt1.1
IF (TLF EQ 11il EJ U=UFL .1

JKE=ID LE 6,4.
/GFDF C)EE( AR:E -1.1.

NAM'ESf-" ARE THIF.TV.EIXTY.

r4AMES(7) ARE ONETWOF lYE. NEFIVEERO.

CODES(4) ARFE -1,1.

NA~MES (4) AR'E THREEFIVE. FOIJRFIVE.
CODES f5) AR:E -1,1.

NAMES (5Y ARE E-IGHTY. NINETY.
C OD E S( '"RE -1,1.

CODES(. 'RFE -1.1,

N ~ AR ~ E NI1NEFOLJRE 1 HT. N NE KIE IYE.
COEE:'q5 IFE -1.1.
NfIES E' FE TW-CNE. WTRE

N ME AF E NATC. 3WgA.

-H ~ ~ --CU .y -o

E 17

7- .7E73'6



Table I.1

Anv a Data

77.t --. 8C"-"-!:j 1 1 1 1 i71 iiJ. 7.. 2  0

2 -1 -1 -1 1 1 -1 -1 -1 .294 105.- o4.8(o 0
2 1 -1 -1 -1 -1 1 -1 1 .6197 1:,.6 88.76 o
4 -1 1 1 -1 -1 -1 1 -1 .5961 148. 7- c, 30
5 1111-1 -! -I -1 .59()7 127.6 80.54 0
6 -1 -I -1 1 -1 1 1 1 .6841 144.2 87.:9 4
- 1 - -1 -1 1 -1 1 -1 .6277 114.6 72.29 0

i 8 -i 1 1 -1 1 1 -i 1 .a.472 120.]) 5 '9.038 4

- - 1 1 -1 -1 .0401 114.5 7.6. o
" 10 -1 -1 1 -1 1 -1 1 1 .6923 1-5.5 ..14 0
I' 1 - 1004 1 1 4 ) 3 _.1-
12 Z -17 - -i -L L8 4. 17

.... ~~ --. ..- " 6 7- i -1 1 75 :54.3 r
14 -1 - -. . .1 " " 14 - 2 17- C- .- VJ 4 541

4 t1 - ,5.4 5
b -I -- 1 1 1 I - - 105 4 =,_ L
s- -5 -9 1 -l I 0 11,.1 1

18 1 1 1 1 1 - 1 -1 5992 105.6 14 .4043
S-1 1 '-i -1 1 1 1 .6758 164.5 1'.1. 98

- -1-I; I _ 4.f

20 - I -- - - -l - 4 AQ 1437f flA.2

-' - - - 1 -i -i 1 -i " 0= i11fl B 83

-," -. ... j - I ._,° ° -4 4 t -4".

- - - - - - -I -! -! .5 2 17.0* n.'

'4 1 D -) -7 L ! 0. 44-. 6 2 S 12 S. S 1.7 o"[ -- -t - 1 1 -l 1 -' - * -" " ,'C C -, q' 0

28 !-1 1 -1 -1 1 1 .5 .- 7 " 7
- -- - - -f - i

1- -1 - .- i 2c3 1c. = 91.67

- --i - - -- - :.
".-4 - -. -,t I- , -- ' _-1 00'IoC -. 01 -0 "

. .. . . .. . . .1-'. . ... . t i . 5 4 2 . ......- ' "'

44- s. g - ~~.%

- i - I . -4. 4 4

". . --l . ... . . .. ..1. , -. -

-'." 40 -1- ... I- -!~ - .5035 0 82 .  1.672
• .' 4 . . .! '-+ -1 -1 1 .&191 12'2.') -. 52 0

* 42 -.+. _: , _: 1 _ .-''2 "- 1 0' ..2 8,0.22..- 15-'

-'-, ,+~4 -1 -1. -' -: ., 1 - -, .:405_ 112i+.. -t± -8,_ ..

,." . -. - 1 1 1 1-1 ..--4 10;4.4 .55*"4 0

46- 1 1 $ - - -t. . t,5 116.2 '2 07

.442

4'%

W1-

I,

.1
•

' -N - . .> . " +- +... . .•- - .-- ." - .-- .- --.- , .: +: ' , + - . ...,..-- .-, '> .".- 1- <' ' ,,";'
U .." . " , % . . ,- -•+ "• ." ,, . . . " , . ' .. ' . ' , .. , ., .. - - - ., . ' . , , ,- :,' , , / - ,. . ,, +



[ .. 7i -° .• • . . . . . ° -. . .- -. . . ° j;- eiii s- .. ..:,

Tb E? 11.5z2n-

- - -i - - - - -" - --

I 7f-

- .52 1 1-1 1 1 .76 116.1 -725
:-: i- 1 1 1 1 1 63.5 7- 14'. 6 ?2 9 7

54 1 -1 1 -1 -1 - 1 -1 1 2ff97 115.'> SS- -1 - 1- .6 4! A. 06. Z 4
D56 i 1 1 1 - : 1 t 1 -1 . 7 0 122.5 4. 17

521 1 -1 -1 1 .'64' 1-4. 4 =5.1 48

*7 - ! -. I -l -1 6 9 7 . 7

6: 1 -1 1 -1 .i S 2LE 1 _ f 1

oy~~~' 1 1 1 31 112 1.1C 1w

-- '-58 I -t -' .$- i -! ! , Z h 1 7. 1, -'"

- -I I - ! . 1 - .i -' ,598 W1'4.4 DC T
541 1 -' - i -' -1 1 .55 0 4 72 -'

. . .. ,..'o+ 7 "

"-

b.bm

.,>

V -.

,:7}"

I- < - , <' , ,- + " , , ," ' , + .' ' .. ..+ " - + v v .' ,' v v ' . . ." - .' '.,< ,,..-



Apoendi" J

P aeoression An a1 sis

TABLE J.1

Center Point and Axial Data
6 - : - - -l 1 .6968 136.2 87.08 0

66 0 0) C. 0 0 0 -1 1 .6859 17A..5 86.20 C)
S s 0 0 - 1 '897 17. 86.08 o

68 ) " ' -1 1 .7051 1-7.6 !0. 806
A., C) 0 - 1 .6' 1-6.8 9-5.24 0
70 K0 .6--1 1 *Q1 178' 9Th 57

t 71 14'9. 24 o

. - . . . . 1 1 5 .76- 6 '. 2
-I 0 ] ] (' 0 0-, t-37! 147. 89.84 0'
/b ,K c , i 7 1 1 508 13 7 . 088 K "

ji 4ThA 1 '9.J. 91.30 0
- " .) 1) 1 7..6 1.(7 7f

'.. '=, , ) . 0 '" - 1 670,-' 177,._ 6 5.82 0

80 ;0 - - 11 '4 1'

C1.K' U ," ' 7 -1 -1 6A-6 12". -a'8.9 0

Yl .7 1 7'.9
" 2 7-2 -2 7

-- . _7 1 Q*

-.' 8 -. - - - .A7-.4 - ' X '-0_

q 7- o ,-::1 C, 1 . 1 5 1 . .

1 5-. . . 5 5 18 4 -
- - "3 1' ' K -2. 2:7. . 1 4 ."-P 5 . tl.412 S

- i a a 1 9
"m- -.. ."~a**.6.4 P. C-' " ,K-, -; -7,. !7 o> I'f -

-, 1 i ) -= - .

"- - - - -t a . .. .a - ,,
-"H- 2 " ' ' - - 00-,-' 9-5)a4 .7

- -_7 S.
@ , 02 . C ' .. .' "' ,- -i - 1 I ,5 - 4, c,. 7

I -(n'j''' -' -

-_* 102 1- '. 2 '" -- -K8' " * 0 -A- 5',_- 4 . a ,x

-'- 114 --. .92? ., ,, --1 -[ , 1 6 ,5 .-. 6. ' ,
.- '. 7, i, ,, , - .029 " -i -! 10_ 8 I-c.1 1!3 ' !42a

' --. 105 1 K .K _.822 - _ -1 LjAI 4 ZR6_ 5853

.6 . -, *,p;'- ._ -i - - '-." 1 -- -. 17 " ..
N I8- -2 - : . £ .7 i 7

* ,-.- L

.,,-'..,

'I.

"- " "S .% " "" " " "" " % ' " ' ' % " ' " " ' " " " ' "." " " " " " " " " " " * " " " " " - " " - " ' '



EtloP Renrocs _n Inpu't for ALE'

FP0LEN TITLE IS 'AUR REGRESSION'.
/INF'UT YAFIABLEB ARE 1T.

FORMAT IS FREE.

FILE IS 'anoval.dat'.
Y.ARIABLE NAMES ARE ID.STAGE.FLYLMT. TUR. FERCENT.CR. RELIAB,

GND, LEGS. ALIRRUR. AYlGWCPI AYGFLY4 C ANCEL. AUR, SF. FIR. EL,
%. 55..%Q. PS0. CSQ. RSQ. CG. SC. APES7. DEFE. TSO.

ADD= 15.
LAPEL I S ID.

-FnF j TI IF EQ - 1'. THEN rUF ='4LRFUIF *I5. 1.
IF UREQ 1. THEN AUP=AURF'IR* 16.1.
IF (TUE EQT i'i) THEN F'Al'F*T.

BF=TAG;tfP7&-L!MT.

FL=~ ':fLYT tLSSS.
ESSQ=STArG~tcTAGE.

FSQ=FLtLMTtFLI MT.

~~1 =S Q=FEF:CENT *FPERCENT.
CSQ=CR *CR.
PSQ=REL IAB*REL IAB.
CG=CFtSND.
SC =ET AGE *CR.
ABEG=STACE *Fl' 14 _ti Cr *RNl.

C £ G =ERCErsc*~EL145*GND.

Str EQ -1.

DEL__:E=ZO Trt i-,-i

zg:;EF r -C~E1JT T'-, MJUR.
CEO~~~ ,~' Z- _B Q THRJ r-
ME ~ ~ro Mjr

-E Eit

,! ' 4  AP E c E=EI1Et A'. ED T CTD.
'QF AE ZEhThZRME



W .-. W .r -q-2 7 v 7 v v -

v'-

T, B ,-

t".Q' ! iTABLE J. 2

MDpF .egr-E-i-n ReSUt -  _r AULF ;SW4)

STATISTICS FO 'BEET' SUBSET

,ALLOWS' CP 2.41

SAED MULTPLE CORRELAT ION .76544

MULTIPLE CORRELATION .87489

ADUEED SOUARED MULT. CORR. ."S's

-" RESIDUAL MEAN SQUARE .191196

I ." STAND'RD EppOR OF EST. 4:7250
-.TATIST IC '8.72

NUMEFTOPR EREES OF FREEDOM
ENOMINATOR ESREE 'F FRFEEDOM 44

SIElN1R"Nsc TAiL pOB. ',Y

CONTPI-

.lPA!LE REGRESSION STANDARD STAND. T- 2TAIL TOL- BUTION

NO. 4AME C2EFFICIENT ERROR COEF, STAT. 315. ERANCE TO R-SO

" :NTErCEDOT  ,10 if1 12.738 Q9.69 .000
HTSE -. B.94 .072974 -.365 -5.01 .000 1.000000 .13359

° . ,'.i r .447644 .0772 7 .423 !.79 .000 1.,00O00 .17879

S.54:220 )7'274 .51, ' .. .0 I O00 .6334

-7.1071 2.4 5.83- . . . 745 .18095

2=SlSnficant at =5%

-z 'T Z I T T : -N OU D 'OF EACH ',1APIABLE 'S THE MOUNT
iK" , Z - A-.' :E .OILE BE Er5 E0 I: -;ap /A IAELE WERE

Zzo

S
-- " :r;-"~E~ S-.2 : i2 0 1 .14 .05

I- F4 2U, 1 ri:an^
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STATISTICS FOP 'BEET' SUBSET
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STATISTICS FOR 'BEST' SUBSET
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STATISTICS FOR 'BEST' SUBSET
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